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The automotive sector is one of the major contributors for the worldwide economy, 
not being just a vital element in the economy of the industrialized countries, where 
motor vehicle production and sales are one of the major impellers of the economy in 
those countries, but also contributes to the growth of other related activities as 
metallurgy, plastic/rubber, electronics, textiles, etc. thus empowering the global 
industrialization. The increasing competitive pressure in the sector led to the 
“projectivization” of product development processes, through defined concepts and 
organizational frameworks. However, as projects have grown into more dynamic and 
complex, consequently the ways of managing them should be reconsidered. Agile 
Project Management emerged within the software industry, but its applicability is 
theoretically feasible to any industry. This approach despite permitting to meet the 
rapidly changing requirements through iterative development, and increasing the 
process efficiency, the companies also face barriers and challenges in its 
implementation. Although there is literary evidence of barriers observed in the 
implementation of Agile Methodologies in software development, there is a lack of 
bibliographic evidence of barriers observed in the manufacturing sector, and almost 
null in the Automotive Industry. This survey intended to address a literature gap, 
identifying barriers in the implementation of Agile Methodologies in the Automotive 
Industry through a questionnaire survey, categorizing them, and detecting their major 
source, as well as find possible enablers and recommendations to overcome the 
identified barriers. 
“Organizational”, and “Knowledge and technology” barriers were found, through the 
factor “Improper competency management”. It was corroborated the existence of 
“Institutional” barriers, through the factor “Change predisposition”, and its correlation 
with the “No obligation” barrier. It was also found a correlation between the factor 
“Absence of immediate quantifiable benefits” with the “Lack of financial support” 
barrier, fitting these variables into the “Financial” barrier category. “Organizational 
support” and “Investment in training” were identified as the main enablers for the 
Agile Methodologies implementation. Lastly, a flowchart was developed to sequence 
the possible enablers and recommendations to overcome the identified barriers.
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PALAVRAS CHAVE 






A Indústria Automóvel é uma das maiores contribuições para a economia global, não 
sendo somente um elemento essencial na economia de países industrializados, onde a 
produção e venda de veículos motorizados são um dos maiores impulsionadores da 
economia desses países, como também contribui para o crescimento de outras 
atividades relacionadas, tais como metalurgia, plásticos e borrachas, dispositivos 
eletrónicos, têxteis, etc. contribuindo desta forma para a industrialização global. O 
aumento da pressão competitiva no setor conduziu à estruturação dos processos de 
desenvolvimento do produto, através da definição de conceitos e hierarquias 
organizacionais. No entanto, à medida que os projetos se tornam mais dinâmicos e 
complexos, consequentemente as formas de os gerir devem ser reconsideradas. A 
Gestão Ágil de Projeto surgiu na indústria do software, mas a sua aplicabilidade é 
teoricamente possível em qualquer indústria. Esta abordagem, apesar de permitir 
alcançar rápidas mudanças nos requisitos através de repetições sucessivas, e aumentar 
a eficiência do processo, as organizações também enfrentam barreiras e desafios na 
sua implementação. Embora haja evidência literária quanto às barreiras observadas na 
implementação de metodologias ágeis no desenvolvimento de software, é escassa a 
evidência bibliográfica quanto às barreiras observadas no setor da produção, e é 
praticamente nula na Indústria Automóvel. Este estudo pretendeu colmatar uma 
lacuna na literatura, através da identificação de barreiras na implementação de 
Metodologias Ágeis na Indústria Automóvel por intermédio de um questionário, 
categorizar as barreiras, assim como identificar a sua principal origem, encontrar 
possíveis recomendações e facilitadores para ultrapassar as barreiras identificadas. 
Foram encontradas barreiras “Organizacionais” e de “Conhecimento e tecnologia”, 
através do fator “Competência de gestão inadequada”. Foi corroborada a existência de 
barreiras “Institucionais”, através do fator “Predisposição para a mudança”, e a sua 
correlação com a barreira “Não obrigação”. Também foi encontrada uma correlação 
entre o fator “Ausência de benefícios imediatos quantificáveis” com a barreira “Falta 
de suporte financeiro”, abrangendo estas variáveis na categoria de barreiras 
“Financial”. “Suporte organizacional” e “Investimento em formação” foram 
identificados como os facilitadores principais para a implementação de Metodologias 
Ágeis. Por fim, foi desenvolvido um fluxograma de modo a sequenciar os possíveis 
facilitadores e recomendações para superar as barreiras identificadas.  
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Any practice or method correlated to the Agile Project Management, 
that contributes to the execution of a process, and that may employ 
one or more techniques and tools. 
Barrier 
Any factor that hinders, affects, or resists to the occurrence of a 
certain action, resulting in its delay or obstruction. 
Enabler 
Any factor that facilitates, helps, accelerates, or encourages the event 
of a certain action. 
Kanban 
Card or visual sign that promotes the visualization of the system 
workflow, through columns that represent the states of the work. 
Scrum 
Single team iterative process framework, used to manage product 
development, and based on a variety of concepts such as customer 
feedback, daily scrum meetings, product backlog, sprint backlog, 
sprints, and delivery-ready after each sprint. 
Scrumban 
Hybrid framework where teams use scrum as a framework, and 
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The automotive sector is one of the major contributors for the worldwide economy, 
not being just a vital element in the economy of the industrialized countries, where 
motor vehicle production and sale are one of the major impellers of the economy in 
those countries, but also contributes to the growth of other related activities as 
metallurgy, plastic/rubber, electronics, textiles, etc. thus empowering the global 
industrialization. In Portugal, the Automotive Industry (AI) has a relevant economy and 
social importance contributing with 8% for the manufacturing industry employment, 
6% for the gross domestic product, and 16% for exportation of tradeable goods. 
 
The outstanding contribution of the AI to the technological advance was the 
establishment of full-scale mass production, a process characterized by precision, 
standardization, synchronization, and continuity. The increasing competitive pressure 
of the market emphasized the ability of industrial firms to improve indicators as 
quality, cost, and time, and to manage the increasing complexity of products. This took 
to the “projectivization” of the product development processes even though under 
rigid, stable, and inflexible capabilities.  
 
The globalization and expanding markets increased the dynamism and complexity of 
the projects, leading to the shift of Traditional Project Management (TPM) to Agile 
Project Management (APM). The implementation of Agile Methodologies (AM) could 
face various barriers, and there is extensive literature regarding this matter in the 
software development field, where this concept emerged. However, even recognized 
as a fully adaptable approach to any industry, when it comes to manufacturing the 
literature background is much less extensive and almost null in the automotive sector.  
 
It is necessary to understand if an industry originally characterized by stable and 
continuous processes could implement AM, characterized by dynamism and agility. It 
is also required to comprehend the change predisposition of the companies, and the 
expected barriers in its implementation to avoid them or decrease their influence. This 
study aims to address a literature gap identifying barriers in the implementation of AM 
in the AI, developing for that a questionnaire survey. Firstly, a literature review was 
performed in order to acquire the necessary background knowledge regarding the 
proposed subjects, and identify barriers found in other and/or similar 
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1.2 AIMS AND OBJECTIVES 
 
The main aim of this survey is to identify barriers in the implementation of AM in 
Portuguese AI. Taking into account this main goal, it is possible to expand the 
objectives list, as follows: 
 
• Address a literature gap and expand the body of knowledge, which is currently 
dominated by the Information Technology (IT) field. 
• Verify if the barriers found in the literature regarding the implementation of 
lean and/or agile methodologies, in the field of software development, 
manufacturing, and Circular Business Models (CBM) are reflected in AI. 
• Comprehend the current APM environment of the Portuguese automotive 
manufacturing companies, and their predisposition to the implementation of 
AM. 
• Categorize barriers and their sources for the implementation of AM. 
• Propose possible recommendations and enablers for the identified barriers. 
 
1.3 RESEARCH APPROACH 
 
There are various kinds of classifications for the research approach. This survey is 
conducted in an exploratory way since it aims to explore the barriers found in the 
literature, regarding the implementation of AM, and investigate the scenario of the 
Portuguese automotive manufacturing industry.  
 
Another type of research classification is the research philosophy and, in this study 
case, realism is considered since there is a part of knowledge that is assumed as 
correct and not questionable (positivism), and another part that depends on different 
perceptions of what is happening (interpretivism). For instance, positivism is applied in 
cases that arguments and/or justifications derive from the literature background, and 
interpretivism is verified in the characterization of the barriers which depends on each 
person’s perspective. Realism is positioned between these two extremes, and presents 
itself as the most adequate philosophy for this study.  
 
Another type of classification is the triangle research, which includes three aspects 
such as data, theory, and analysis. This classification depends on which order the 
research is conducted, and might be categorized as deduction or induction. Once the 
first step of this research is to develop a bibliographic research (background theory), 
the second step is to collect data through a questionnaire, and then analyze the data, 
these phases are following a deductive path. This research focuses on three categories 
of the different types of research classifications, being them exploratory, realism, and 
deduction.  
 
In Fig. 1 is outlined the triangle research, representing a deductive approach. 
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1.4 DISSERTATION METHODOLOGY 
 
To accomplish the proposed objectives, it is necessary to define the methods to apply. 
This study is based on two main methodologies, such as analyze study cases, and 
develop a questionnaire survey. The first methodology aims to comprehend what was 
already studied and what conclusions have been achieved, increasing the knowledge in 
the field, applying that knowledge on the survey, and expecting results. Also, the 
obtained knowledge might be a basis for arguments and /or provide justifications for 
conclusions, as well as a contribution to modeling a framework, for instance. Examples 
of study cases regarding the specific topic of the study, could be found in chapter 
2.2.5. The questionnaire survey comprises the practical component of this work, this 
means that it corresponds to a developed tool, permitting the accomplishment of the 
defined objectives. The questionnaire survey and its analysis allow the corroboration 
or not of what was already been studied in other sectors, and also being the 




This dissertation comprises four main chapters as an introduction, background, thesis 
development, and conclusions. The first chapter intends to introduce the study theme, 
topics, main aims, and objectives, reveal how the work is organized and in which 
approach, as well as contextualize the reader. The literature background allows 
acquiring all the knowledge necessary for the understanding of the study. Also, it 
presents similar study cases in order to compare the reached conclusions, and 
comprehend what this research can add to the literature. The third chapter is the 
thesis development, being divided into two stages such as research planning and 
execution, and research results. The first stage includes all the steps necessary to 
obtain the results, and details of how the work was done. After this stage, the 
accomplished results are presented, as well as a critical analysis of them, leading to the 
streamlining of possible enablers and recommendations. Lastly, all the reached 
conclusions of the work are presented, as well as the limitations of the study and 
outlook for future works.  
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In Table 1 is depicted the dissertation structure, and the general content of each 
chapter. 
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Fig. 2 – Worldwide sales of new vehicles from 2005 to 2019 [2] 
2 BACKGROUND 
 
2.1 AUTOMOTIVE INDUSTRY 
 
2.1.1 World and Country Overview Regarding Automotive Industry 
 
The AI comprises a wide range of companies and activities involved in the manufacture 
of motor vehicles, including most components, such as engines and bodies, but 
excluding tires, batteries, and fuel. The industry’s main products are passenger 
automobiles and light trucks, including pickups, vans, and sport utility vehicles [1]. The 
AI remains stable despite various economic crises during the past decades, keeping the 
world number of sales per year in the level of 90 million units during 2015 and 2019, 
thus proving its resilience [2]. The graphic depicted in Fig. 2 represents the worldwide 



















This level of demand requires more than 50 million jobs for the activity of automotive 
manufacturing, demonstrating its essential role for the global economy [3] apud [2]. 
The emergence of new companies, technologies, concepts, and constant evolution 
creates competitive pressure and further dynamism in the industry [3] apud [4]. For 
that reason, innovative manufacturing strategies have emerged to respond more 
quickly and accurately to the constantly changing needs, and which will be described 
later. The level of innovation in AI can also be observed by the investing of almost 85 
billion EUR in research, product development, and production, fields that will be 
specifically explored in this study [5].  
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Fig. 3 - Auto industry reputation [6] 
The International Organization of Motor Vehicle Manufacturers (OICA) conducted a 
survey aiming to characterize the AI from the consumers’ point of view, and their 
attachment to the automobile. It was discovered the main factors that contribute to 
the AI reputation nowadays, as represented in Fig. 3 [6]. The figure highlights the 
degree of innovation in the sector, the investment in sustainability, the concern about 
society and consumer needs, as well as the constant search for solutions. These factors 
empower the industry, giving it the capacity to face and overcome the challenges that 
may arise. 
 
According to [7], Portugal was the 28th country that produces more vehicles worldwide 
in 2019, as shown in Table 2. 
 
Table 2 - World motor vehicle production [7]  
Country Cars Commercial vehicles Total 
1. China 21360193 4360472 25720665 
2. USA 2512780 8367239 10880019 
3. Japan 8328756 1355542 9684298 
4. Germany 4661328 unidentified 4661328 
…    
28. Portugal 282142 63562 345704 
29. Argentina 108364 206423 314787 
30. Belgium 247020 38777 285797 
...    
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Fig. 4 – Key Data of Portuguese AI [8] 
Fig. 5 – Location of manufacturing sites [8] 
Portuguese Manufacturers Association for the Automotive Industry (AFIA) evidences 
that, in the year 2019, there were 240 companies in AI, which represents less than 1% 
of manufacturing industry companies. These companies employ a total of 59000 
persons, involving 8% of the manufacturing industry employment. This industry, in the 
year 2019, had a turnover of 12 Billion EUR, leading to 6% of gross domestic product. 
The exportation volume was 9,7 Billion EUR, knowing that 16% of exports correspond 













Additionally, in Fig. 5 it is possible to observe the geographic distribution of the 
companies, and conclude that Braga, Porto, and Aveiro are the most representative 
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Fig. 6 – Turnover by activity [8] 
Also, the automotive manufacturing industry includes various fields that companies 
could particularly be specialized. In Fig. 6 it is possible to have an overview of the 


















As demonstrated in the previous data, AI in Portugal has a significant contribution to 
the economy, a high percentage of exportation, as well employs a very decent 
percentage of the population.  
 
2.1.2 Manufacturing Processes in Automotive Industry 
 
The automotive manufacturing is characterized by mass production type, which 
requires a heavy investment in equipment and tooling, and feasible only for large 
organizations. It is defined as the continuous production of items in a series of steps, 
such that all steps are performed simultaneously [9]. To justify the investment, the 
companies follow an economy of scale producing what the market is demanding.  
 
The automotive industry’s immense resources in production facilities, as technical and 
managerial skills, have been devoted predominantly to the building of motor vehicles, 
but there has been a consistent and strong incentive to extend them into related 
products, and occasionally, into operations whose relationship to automobiles is 
remote. This leads us to other production types as batch production, which is a 
production technique that delivers multiple units in a series of steps, and these units 
are moved together as a batch. This production type increases flexibility, in 
comparison with the mass production, once the same equipment can produce more 
than one product type [10].  
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Two other production types can be referred, as the continuous process, and unit 
production. The first one, is a series of processes that can potentially be running at the 
same time, and each step is running concurrently with every other step. This 
production type combines productivity, efficiency, and throughput [11]. The other one, 
is characterized by one-piece manufacture. It allows the non-regulated movement of a 
product through working stations, and a free working cadence, generally requiring the 
labor of highly skilled workers, as well as specialized equipment. Any changes occurred 
in this process cause longer production cycles [12, 13].  
 
The bulk of the world’s new cars come from the moving assembly line, introduced by 
Ford, however, the process is much more refined and elaborated nowadays. 
Production of a new model also calls for elaborate tooling, and the larger the output, 
the more highly specialized are the tools in which the manufacturer is willing to invest. 
For example, it is expensive to install a stamping press exclusively to make a single 
body panel for a single model, but, if the model run reaches several hundred thousand, 
the cost is amply justified [1]. 
 
2.1.3 Projects in the Automotive Industry 
 
Original Equipment Manufacturers (OEMs) and suppliers, have dramatically increased 
the pace of new product launches. At the same time, OEMs launch more innovative 
features more often. As a direct consequence, automotive companies face an 
emerging challenge: to increase the frequency, reliability, and profitability of the 
innovations developed in research and advanced engineering and, at the same time, to 
maintain their ability to develop more vehicles than ever in a context of very tight 
constraints on quality, cost, and lead time. Such a strategic challenge, called for a deep 
transition in car manufacturers' product design processes. 
This increasing competitive pressure, put emphasis on the ability of industrial firms to 
improve the quality level, reduce cost, and time-to-market (QCT indicators) of new 
products, and last but not least, to manage the increasing complexity of products. This 
shift defined concepts, and organizational frameworks for effective “projectivization” 
of product development processes, such as heavyweight project management teams, 
concurrent engineering, and early supplier involvement. 
Although projective organizations established core capabilities maximizing QCT 
indicators, these core capabilities tended to turn into core rigidities that modeled 
potential products through a stable architecture, and inflexible competencies. These 
organizations became reluctant to apply innovative features, that were disruptive 
towards this organizational structure [14]. This leads us, to first introduce the concept 
of Project Management, and then distinguish two approaches related to it, described 
in the following chapter. 
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2.2 PROJECT MANAGEMENT APPROACHES 
 
In times of globalization and expanding markets, more resources, tangible ones as 
metals and machinery, and less tangible ones like human time and capital, are required 
to satisfy the specific human needs. This specialization generates a distance among 
resources and needs, causing various challenges such as information collection, 
communication, coordination, enforcement, and motivation. Companies have been 
responding to these challenges, investing in human resources to manage tasks,  and 
creating a more efficient way to organize processes and tasks than traditional business 
management, that is, Project Management (PM) [15].  
 
PMBOK guide [16] defines PM as the application of skills, knowledge, techniques, and 
tools to project activities, aiming at the project requirements, and enabling to execute 
it efficiently and effectively. Projects are a crucial avenue to create value and 
advantages in organizations, since in today’s markets firm leaders need to be managed 
with less time and resources, stricter budgets, and continuously changing technology. 
According to the same reference, PM processes are divided into initiating, planning, 
execution, controlling, and closing processes. These PM process groups are described 
in the following table (Table 3). 
 





Define a new project or a new stage of an existing project. Get the 
approval to start the project or phase. 
Planning 
Determine the scope of the project, refine goals, and describe the 
routes and actions to achieve the objectives. 
Executing Execute to complete the job defined in the planning phase. 
Controlling 
Monitor, track, regulate, and review the development of the project. 
Identify points in which changes are necessary, and execute the 
required modifications. 
Closing Formally close the project or phase.  
 
2.2.1 Traditional Project Management 
 
From an operational perspective, most of the management problems are solved using 
PM tools based on graph concept methods. Some of the most used are the Critical 
Path Method (CPM), and the Program Evaluation and Review Technique (PERT). These 
methods both use weighted and direct graphs, and help project managers to track the 
development of the projects, guarantee they stay on time and within the budget, as 
well as take action if something does not go as planned. These graph representations 
can be used to coordinate tasks or activities, and to calculate the number of necessary 
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resources. A directed graph is a pair (V,E) where V is a set of vertices/nodes (u,v,w,…), 
and E is a set of ordered pairs of vertices, that are edges (uv,vu,uw,…). On the other 
hand, in the weighted graph, each edge uv has a real number correlated with it. In the 
case of a CPM graph, the nodes correspond to the activities that need to be conducted 
to finish the project, and the existence of an edge means that activity v cannot be 
started until u is finished. The duration of the activities is represented in the vertices, 
and the critical path is the longest route (sum of the activities durations) from the 
beginning to the finishing of the project, being this the duration of the project.  
 
Also, PERT considers the lengths of paths, but the nodes are the targets of the project, 
meaning that it is an event-oriented method instead of an activity-oriented. 
Therebefore, this technique is used to manage projects where the activities are 
uncertain, while CPM is characterized by well-defined activities [15].  
 
In Table 4, are summarized, and added some key differences between both methods. 
 
Table 4 - Key differences between PERT and CPM [17] 
PERT CPM 
Planning, scheduling, coordinating, and 
controlling uncertain activities 
Planning, scheduling, coordinating, and 
controlling of well-defined activities 
It evolved as a research and development 
project 
It evolved as a construction project 
Is set according to events Is aligned towards activities 
It is a probabilistic model It is a deterministic model 
Three times estimate: optimistic time, 
most likely time, and pessimistic time 
One-time estimate 
High precision time estimate Reasonable time estimate 
Non-repetitive job Repetitive nature 
There is no distinction between activities 
Demarcation between critical and non-
critical activities 
 
From an organizational perspective, risk management and coordination are crucial for 
organizations to be successful. This activity is conducted throughout the project, 
establishing communications and contacts between the project manager, and with the 
entities that identify, analyze, and create mitigation strategies for, in the case of a risk 
materialize, use these links to minimize the time to start the mitigation strategy. This 
PM approach prevents the evolution of negative effects, and helps to reduce the 
unpredicted changes in a project during the planning phase [15].  
These operational and organizational PM perspectives and techniques, are methods of 
the organizations react to the challenges of globalization, as well as create higher 
values for stakeholders, which allow them to achieve competitive advantage in 
comparison to their competitors [18]. 
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Fig. 7 - Sources of uncertainty [20] 
However, in environments characterized by a high level of turbulence, uncertainty, and 
complexity, these PM tools, which are based on a predictable and rational model, are 
ill-suited for these types of conditions [19]. This uncertainty could be generated due to 
two broad sources, considering the way that the project is structured: internally and 
externally created. Internally generated uncertainties are related to resources and 
systems, that can be directly linked with the project, and can be regulated by the 
organization. The external factors that are not associated with the project, and the 
company cannot control, are considered externally generated uncertainties [20]. The 
same authors define more specific subcategories, represented in Fig. 7. 
 
2.2.2 Agile Project Management 
 
Therefore, as projects have grown into more dynamic and complex conditions, 
consequently the ways of managing them should be reconsidered [21]. This evolution 
as led to the streamlining of the TPM, to a new agile methodology [22]. Before 
focusing on APM and agile techniques, it is necessary to understand the various types 
of PM approaches depending on how specific a project is, and in what environment is 
considered. 
 
In Agile Practice Guide [23] are mentioned and explained four types of life cycles, such 
as: 
 
• Predictive life cycle 
• Iterative life cycle 
• Incremental life cycle 
• Agile life cycle 
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Fig. 8 - Predictive life cycle [23] 
Fig. 9 - Iterative life cycle [23] 
Fig. 10 - Incremental life cycle [23] 
A predictive life cycle is a more traditional approach characterized by high certainty 
context, including company requirements, fixed team, and low-risk management. This 
allows teams to organize work into a sequential way of predictable processes, as 
illustrated in Fig. 8. To achieve this, detailed plans are required that will drive the work, 
and identify requirements with much detail as possible.  
 
 
In an iterative life cycle is allowed to improve and modify the work, according to the 
feedback of the unfinished work. This improvement could be accomplished through 
successive prototypes, where each one income new feedback from stakeholders, and 
enables the team to rework the activity based on those understandings (Fig. 9). Thus, 
reworks permit to identify, and reduce uncertainty in the plan. This type of approach is 










An incremental approach has the intention to increase the speed of delivery for 
products, that the customer may be able to use immediately, even if it is just a subset 
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Fig. 11 - Agile life cycle [23] 
At least, an agile approach is both iterative and incremental, that is, before starting any 
development, the team expects requirements to change, and start the progress (Fig. 
11). It is an approach with high customer focus, providing customer visibility, 












Agile life cycles fulfill the principles of the Agile Manifesto [24], being them: 
 
• Our highest priority is to satisfy the customer through early and continuous 
delivery of valuable software. 
• Welcome changing requirements, even late in development. Agile processes 
harness change for the customer's competitive advantage. 
• Deliver working software frequently, from a couple of weeks to a couple of 
months, with a preference to the shorter timescale. 
• Business people and developers work together daily throughout the project. 
• Build projects around motivated individuals. Give them the environment and 
support they need, and trust them to get the job done. 
• The most efficient and effective method of conveying information to, and 
within a development team is face-to-face conversation. 
• Working software is the primary measure of progress. 
• Agile processes promote sustainable development. The sponsors, developers, 
and users should be able to maintain a constant pace indefinitely. 
• Continuous attention to technical excellence, and good design enhances agility. 
• Simplicity is essential - the art of maximizing the amount of work not done. 
• The best architectures, requirements, and designs emerge from self-organizing 
teams. 
• At regular intervals, the team reflects on how to become more effective, then 
tunes and adjusts its behavior accordingly. 
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Fig. 12 - Best suited approach for each type of environment [23]  
Table 5 - Characteristics of the four life cycles [23] 
Characteristics 
Approach Requirements Activities Delivery Goal 
Predictive Fixed 
Performed once 































At this time, it is possible to understand which PM approach suits better depending on 
the characteristics of the environment, and the level of uncertainty, as represented in 
Fig. 12. Adaptative approaches are related to iterative, incremental, and agile 
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2.2.3 Differences between TPM and APM 
 
As the projects are becoming more complex, with more activities along with 
complicated interrelations, and with higher levels of uncertainty, it is inevitable the 
evolution from TPM to APM since the first philosophy is based on linear, sequential 
and predictive activities relations, and cannot reflect all dynamic and complexity of 
today’s projects. Agility is the word that differentiates the new approach from the 
traditional, and is defined as constant innovation, product adaption, shortening 
delivery times, adjustment of processes and people, and reliable results [25] apud [26].  
 
In Table 6 are described the differences between TPM and APM considering some 
project characteristics. 
 
Table 6 - Difference between TPM approach and APM approach [25] 
Characteristic TPM Approach APM Approach 
Requirements 
Clear initial requirements  
Low change rate 
Creative, innovative 
Requirements unclear 
Users Not involved 






Project size Bigger projects Smaller projects 
Organizational 
support 
Use existing processes 
Bigger organizations 
Prepared to embrace an agile 
approach 
Team members 






System failure consequences 
seriously 
Less critical systems 




It is noteworthy that, both traditional and agile approaches have their advantages and 
disadvantages, so it is not possible to claim that one is better than the other if 
compared in different project characteristics [25] apud [27]. It is crucial for the success 
of PM, select the approach in accordance with the project characteristics, its life cycle, 
and the type of environment [28]. 
 
In the following table (Table 7), are referenced and summarized some of the most 
relevant surveys in the literature research, concerning PM approaches. 
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This work intends to explain the necessity that firms had on start using PM. 
This need happened essentially due to specialization and this one arose 
because the satisfaction of human needs is being more difficult and 
complex to achieve. The specialization, industrialization, and globalization 
have been increasing the distance between resources and needs which 
force the firms to change their management tasks. The increasing 
recognition of PM could be explained by the emergence of a new and 
more economical way to organize management tasks than traditional 
business management. Then, the authors suggest that a way to structure 
management tasks is to represent in a graph, connecting a pool of 
resources with things fulfilling needs. In that way, the paper purposes ways 
to create preciseness with graph tools to management at operational and 
organizational levels. 
[20] 
In this work, the authors create a classification for main sources of 
uncertainty in projects and surveys in project scheduling considering the 
uncertainty sources. Then, are investigated approaches and methods to 
manage uncertainty. PM predominantly address the unpredictability in 
duration activities whereby, the literature regarding uncertainty caused by 
other sources is insufficient. The authors focused on this scarce 
information and highlighted the gaps in modeling project uncertainty.  
[21] 
Derived from the increased complexity in projects, there has been an 
intensifying concern about this concept. The authors refer that it is of great 
importance for project managers to understand how project complexity 
should be managed, due to the existent differences related to decision-
making and goal achievement. Complexity affects project planning and 
control, it can obstruct the clear identification of objectives, influences on 
the choice of an appropriate approach, and subsequently affect project 
outcomes. In the article, are identified various concepts related to project 
complexity, such as its major factors and characteristics, types of project 
complexity, and principal project complexity models. This last factor 
intends to be a great support in assisting PM organizations. 
[28] 
In the procedure of managing a project, due to the project phase or 
challenges that occur during it, requirements and approaches are changed. 
A project has different life cycle phases, where complexity changes over 
them and uncertainty should be considered as highest at the initial phase. 
This uncertainty can reduce since information is collected over time. 
Within the article are explained various PM approaches, their differences, 
and characteristics to deal with uncertainties as project characteristics and 
environment. 
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Fig. 13 - Techniques of agile methodology [23] 
2.2.4 Agile Techniques 
 
As the TPM has its own characteristics, techniques, and tools (PERT, CPM…), as well 
APM has various types of specific methods. There are various techniques under the 
umbrella of the agile methodology (Fig. 13), however all of them have two 
characteristics in common, being them: they are all iterative, incremental and 
evolutionary; and the customer involvement through the Software Development Life 



















Scrum is one of the most common agile techniques, being it a single team iterative 
process framework used to manage product development, and based on a variety of 
concepts such as customer feedback, daily scrum meetings, product backlog, sprint 
backlog, sprints, and delivery-ready after each sprint [29] apud [30–32]. These sprints 
are timeboxes of one month or less with regular durations, where the potentially 
releasable increment of product is developed. These concepts which are part of the 
scrum framework, could be divided into events and artifacts as described in Table 8.  
The team responsible for this method consists of: 
• The Product Owner (PO) – has the objective of maximizing the value of the 
product. 
• The Scrum Team (ST) – is a self-organizing and cross-functional team, consisting 
of members who have everything they need inside the team to deliver a 
working product, without depending on others outside of the team. 
• The Scrum Master (SM) – Has the job to ensure that the scrum process is 
sustained and guarantees the scrum team complies with the rules [23, 33]. 
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The event “Sprint planning” is a meeting between ST, SM and PO to determine the 
outputs of the next sprint. “Daily scrum” is a meeting of 15 minutes for each ST 
element present what did, what will do, and the difficulties encountered. “Sprint 
review” is a meeting to present the results of one “Sprint”. “Sprint retrospective” is 
another meeting to evaluate how the “Sprint” was performed, and identify ways to 
improve the next ones. Regarding the artifacts, the “Product backlog” is a list of items 
not yet completed that make up the product. “Sprint backlog” is a list of work items 
identified by the ST to be completed during the “Sprint”. Finally, “Increments” are 
functional, tested, and/or accepted deliverables that are a subset of the overall project 
outcome. 
The scrum technique allows the reduction of planning overhead due to its flexibility, 
and easy adaptability to any changes in stakeholders' needs, at any development 
stage. It focuses on developing customer relationships to increase product quality, and 
improvement in performance. Each short cycle/sprint permits the release of short 
prototypes, so that the customer can monitor the development, and provide 




There is a relation between lean, agile, and kanban technique since these last two are 
descendants of lean thinking, that is, lean philosophy is a superset that shares 
attributes with agile, and kanban. This relation is represented in Fig. 13. The word 
kanban could be translated to “card” or “visual sign”, and kanban boards promote the 
visualization of the system workflow for everyone. This information is structured in 
columns that represent the states of the work, for example, “to do”, “doing”, and 
“done”, but could be adapted to any other state needed by the team. The point that 
the kanban method is not completely under the agile umbrella, could be explained by 
the fact that, this technique is less prescriptive and less disruptive than other agile 
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approaches, and consequently is easier to implement. Another fact is that the kanban 
method does not entail timeboxed iterations. This approach is suitable for 
organizations that demand the following attributes [23]: 
• Flexibility – Teams will work on the highest priority item in the list of work. 
• Focus on continuous delivery – Teams are focused on following the workflow of 
the system, and not starting new work until the pendent is finished. 
• Team member focus – Limit the Work In Progress (WIP) permits the team to 
focus on the present work. 
• Increased productivity and quality – These attributes are increased due to the 
limitation of the WIP. 
• Increased efficiency – Verifying which tasks add value, and remove non-value 
adding activities. 
• Reduction of waste – Easier to observe the waste so it can be removed. 
• Variability in the workload – Due to the unpredictability of work arriving, the 
team cannot achieve predictable commitments.  
 
The principles that define the kanban technique, and its main properties are 
represented in Table 9. This technique is a framework for incremental and 
evolutionary process transformation for companies, and uses a “pull system” to move 
the work or tasks through the process. This means that when one task is completed, 
the team can pull work into that step. It is more important to finish work than start a 
new one, because there is no value in work that is not completed, as a result the team 
should work together to complete the WIP.  
 
Table 9 - Kanban Principles and core properties [23] 
Defining principles Core properties 
“Start where you are” – start with the current state 
Accept incremental and evolutionary changes 
Comply with process roles and responsibilities 
Promote acts of leadership at all levels 
Visualize the workflow 
Limit work in progress 
Manage flow 
Make process roles explicit 
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Fig. 14 - Kanban board example [23] 




To implement this approach, it is not necessarily high technology, once it is a board 
where the elements of a team could “touch” and participate, making this method a 
simple high-touch tech, but with a powerful use. This card provides a clear 
understanding of the workflow as well as bottlenecks, in overall conditions [23]. 
 
Both techniques (scrum and kanban) have the customer focus responding quickly to its 
requests, and are highly adaptive, collaborative, as well as for self-managing teams. 
However, has referenced before, scrum is more prescriptive since it gives constraints 
as the use of timeboxed iterations.  
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Table 10 - Differences between Scrum and Kanban [34] 
Scrum Kanban 
Predefined roles of scrum master and 
team member 
Service request manager and service 
delivery manager (not mandatory) 
Timeboxed sprints Continuous delivery 
Work is “pulled” through the system in 
batches (sprint backlog) 
Work is ‘pulled’ through the system 
(single piece flow) 
No changes allowed in mid-sprint Changes can be made at any time 
Uses velocity as default metric for 
planning and process improvement 
Uses lead time as default metric for 
planning and process improvement 
Appropriate in situations where work can 
be prioritized in batches that can be left 
alone 
Appropriate in operational environments 
with a high degree of variability in priority 
Teams commit to a specific amount of 
work for this iteration 
Commitment is optional 
WIP limited indirectly (per sprint) WIP limited directly (per workflow state) 
A scrum board is reset between each 
sprint 




Originally, the transition from the scrum to kanban was designed as scrumban. As new 
agile techniques emerged, it evolves into a hybrid framework where teams use scrum 
as a framework, and kanban for process improvement.  In scrumban, the work is 
structured into small sprints, and takes advantage of the kanban boards to visualize 
and monitor the work. The tasks are placed in the kanban board, and the team 
manages its work with WIP limits. Daily meetings happen to maintain cooperation 
between the team, and to remove obstacles. There are no predefined roles in this 
methodology – the team holds their current roles [23]. It eliminates the planning 
activities and velocity measurement, and focuses on smooth flow and minimizing WIP 
[36]. 
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To guarantee quality and consistency in product delivery, the industry 
is moving quickly to agile methodology, since it delivers adaptive 
approaches taking into account the problem of unpredictability, in 
alternative to TPM techniques. The authors claim that scrum is the 
most commonly used agile technique, due to its capacity for fast-
changing requirements. Then, the survey complies with the impact of 
an agile framework applying scrum on the deliverables and comparing 
it to an iterative model. Various factors were used to compare both 
methods as SDLC at the moment that defect was identified, number of 
defects, number of change requests received, and the elements rolled 
out using both methods. All these factors are crucial to the 
maintenance of any software. The authors conclude that the use of 
agile methodologies allows better planning due to customer focus and 
its involvement, thus more responsiveness to the occurred changes. 
[37] 
The authors of this paper refer that the maintenance work is more than 
half of the total effort invested in any software system. The complex 
challenge of maintaining software and how to use agile techniques to 
do it, it is a well-discussed theme within the PM community. This issue 
occurs since SDLC does not have a specific planned method for 
maintenance. To overcome this problem, it was used a theoretical 
technique to articulate factors that should be considered during the 
agile maintenance, for instance, maintenance planning. 
[34] 
This paper refers that, to improve project visibility, software quality, 
team motivation, communication and collaboration, software 
companies are moving to apply kanban after scrum. Nonetheless, it is 
crucial to verify these effects and companies’ real purpose for this 
transition. It was studied the reasons for teams transitioned to kanban. 
It was concluded that scrum maintenance teams encountered some 
challenges, as lack of work visibility, task prioritization, communication 
and collaboration through the practice of sprints, work 
synchronization, and changing persons. Then, it was demonstrated 
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2.2.5 Barriers and enablers in the Implementation of Agile Methodologies 
 
To define the utilized terms in this section, a barrier means any factor that hinders, 
affects, or resists to the occurrence of a certain action, resulting in its delay or 
obstruction. On the contrary, enablers are factors that facilitate, help, accelerate, or 
encourage the event of that action. 
 
An agile methodology is any practice or method correlated to an APM action, that 
contributes to the execution of a process, and that may employ one or more 
techniques and tools [38]. In this way, the term agile technique becomes generalized 
to an action that fits into the agile philosophy, and may apply its specific tools and 
techniques. Thus, it is more suitable to discover barriers in the implementation of this 
approach in unexploited sectors, instead of finding barriers solely in the application of 
specific techniques.  
 
2.2.5.1 Barriers and enablers found in Agile Software Development 
 
The main focus of the APM application has been the software industry, and there is 
extensive evidence of its effective use, as well as the barriers found on its 
implementation. The concept emerged in this sector to meet the rapidly changing 
requirements imposed by the Internet economy evolution, through iterative 
development and prototyping. In other words, introduce agile into IT development, 
enabled the development of software in a better and much more efficient way, 
thereby reducing the wastage [39]. 
 
In Table 12 are referenced some of the barriers found in this sector, regarding the 
implementation of AM.  
 
Despite there is extensive literature review regarding the application of APM in the 
software industry, there is a lack of empirical studies in other types of industries, 
sectors, and projects. The authors of the paper [40] studied the implementation of 
APM in product development projects due to similarities with the projects from the 
software industry, such as creativity and development characterized by continuous 
cycles of prototyping and testing. Also, the authors of the article [41] explored the 
challenges in implementing agile processes in traditional development organizations, 
and address the question: “How do you merge agile, lightweight processes with 
standard industrial processes without either killing agility or undermining the years 
you have spent defining and redefining your systems?”. These two articles are 
relatively close to what is intended to explore in this study, since they focus on the 
shift of the APM for other industries rather than software development, namely on the 
product development process field, and organizations with traditional roots.  
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Enablers, possible solutions or 
recommendations 
[42] 
Experience with agile methods, 
organizational culture, resistance 
to change, lack of staff quality 
skills, management support, lack 
of stakeholders’ awareness and 
knowledge, customer 
collaboration. 
Strong management support, 
friendly-agile organization and 
team environment, skilled team, 
strong customer involvement, 
responsive PM process, training 
staff. 
[43] 
Lack of documentation, 
traceability Issues, regulatory 
compliance, lack of up-front 




Regulatory limitation to iterative 
deployment, risk management 
and quality control, self- 
organized teams remove 
decision-making powers, 
necessary documentation, and 
traceability 
Integrate selected agile practices 
into the plan-driven SDLC. 
[45] 
Resistance to change, budget 
constraint, management support, 
confidence for the ability to scale, 
customer collaboration, project 
complexity, lack of experience. 
 
[46] 
Commitment, staff involvement, 
training, resources, staff 
experience, guidance, 




Nevertheless, specifically to the AI, there were not found studies that address barriers 
in the implementation of AM. For that reason, a research was made exploring barriers 
and enablers in sectors that can be relatively related to the AI, and are presented in 
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2.2.5.2 Barriers and enablers found in Lean and Cleaner Production 
 
Cleaner production and lean manufacturing are similar concepts, though they have 
different meanings. Cleaner production is an approach that intends to reduce the 
environmental impacts, while lean is focused on the reduction of costs and time with 
direct effects on the product and market [47]. In Table 13 are referenced the barriers 
and enablers found in the implementation of these concepts. 
 




Enablers, possible solutions or 
recommendations 
[47] 
Initial investment costs, complex 
international supply chain, gaps 
in company cooperation, lack of 
consumer eagerness, limited 
innovation dissemination, lack of 
awareness and information, 
absence of means to measure the 
long-term benefits, limited 
government support, lack of 
information, low technical skills. 
Potential to increase the number 
of jobs and the liveliness of 
companies, ability to improve 
existing operations, existence of 
new technologies and willingness 
to adopt them, collaboration and 
open communication with 
stakeholders, creation and 
management of networks. 
[48] 
Lack of knowledge and 
technology, organizational, 
financial, supply chain, market, 
and institutional. 
Build closer relationships, reduce 
dependency on third parties, 
develop knowledge, outsource 
technical activities. 
[49] 
Technical and informational, 
operational and strategic, 




Lack of financial resources, lack 
of time, lack of knowledge, risk, 
policies and regulations, existent 
organizational culture. 





2.2.5.3 Barriers and enablers found in Agile Manufacturing 
 
As time passes, the manufacturing industry has intended to improve productivity, 
effectiveness, responsiveness, and quality of the product through the aid of agile 
manufacturing techniques. From the available literature, it is possible to conclude that 
the agile techniques are theoretically applicable in most of the industries, and have 
proven their success in practice, specifically in large organizations [51] apud [52].  
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The concept of agile manufacturing evolved from lean management, and enables the 
organizations to react and pro-act to the unpredictable and diversified market 
changes, while minimizing the modifications to the company’s main structure by 
establishing an intimate commercial relationship with the suppliers and the customers 
[51] apud [53]. 
 
Once the concept of agile manufacturing is elucidated through literature evidence, a 
summary of barriers and enablers found in the application of this concept is presented 
in Table 14. 
 




Enablers, possible solutions, or 
recommendations 
[51] 
Lack of management skills, 
technological limitations, and lack of 
workforce experience. 
Acquire a clear understanding of 
the agile values and objectives, 
attain a clear picture of the 
market and assess the degree of 
its turbulence, and identification 
of the company's critical 
capabilities. 
[54] 
Improper competency management, 
improper forecast, improper human 
resource management, inefficient 
information management, lack of 
management involvement, lack of 
manufacturing flexibility, ineffective 
production planning, stakeholders’ 
attitude, government policies and 
support, ineffective customer 
relationship, ineffective supply chain. 
 
[55] 
Lack of management commitment, 
fear and resistance to change, 
financial constraints, lack of training 
and education, lack of government 
support, volatile customer demand, 
technological constraints, market 
competition, improper 
communication, lack of planning and 
strategies, inadequate data collection, 
poor layout and infrastructure, and 
lack of mutual trust. 
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Enablers, possible solutions, or 
recommendations 
[56] 
Negative attitude towards working 
collaboratively, lack of professional 
interactivity, cost and time required 
for training, and increased design 
costs. 
Relevant research before 
implementing as standards 
should be developed by the 
governmental agencies, develop 
an appropriate ecosystem for 
the implementation, and apply 
lean thinking to improve the 
management of project time and 
cost. 
[57] 
lack of expertise, lack of planning, lack 
of commitment from top 
management, lack of strategic 
perspective, misunderstanding of the 
lean manufacturing, resistance to 
change. 
Competence and expertise – 
education and training, 
commitment from top 
management, cultural change. 
[58] 
Company behavior and culture, teams 
not prepared for the challenge. 
A team that deals with APM 
(AGILE team), composed by a 
product owner, team leader, and 
team members, plus a 
communicational workflow 
considering 3 momentums 
(requirements analysis, planning, 
and design). 
 
The acquired overview regarding these barriers and enablers, identified in similar 
sectors and study cases, allows the necessary background information and 
understanding to consequently adapt it to the proposed objectives. 
 
2.2.6 Hybrid Approaches 
 
Due to different project categories, or in a single project, the need of using specific 
methods and techniques caused by specific requirements, leads to the necessity of 
applying different approaches in PM. Thus, the PM procedure should consider own 
and customer organization, and adjust the processes to the specific needs, while 
customer processes are rigid and complex. Some projects do not have a clear 
representation of its characteristics, being ill suitable for the exclusive application of 
one, or another approach. In these cases, it is necessary to find which methodologies 
of each approach (traditional and agile) are appropriate, and will contribute to the 
project success [25] apud [59]. This allows to apply the best features of each approach, 
and/or replace the weakness of one method of a certain approach, for another able to 
overcome that vulnerability [36]. In the Agile Practice Guide [23] hybrid approach is 
Background  33 
 
Identifying Barriers in the Implementation of Agile Methodologies in Automotive Industry  Daniel Esteves Soares 
 
Fig. 15 - Hybrid approach characterization [36] 
defined as a combination of predictive (traditional), iterative, incremental, and/or agile 
approaches.  
 
In Fig. 15 are demonstrated the characteristics of a hybrid approach, and its flexibility. 
One example of a hybrid approach is when one team uses some approaches like 
iterations and daily meetings (agile techniques), and others like upfront estimation, 
work assignment, and progress tracking, defined as predictive approaches. Then, there 
are another two types of hybrid approaches: predominantly predictive approach with 
some agile elements, and a largely agile approach with a predictive element. In the 
first approach, the project is managed using a predictive approach but, in elements 
characterized by uncertainty, complexity, or opportunity for scope, they are managed 
in an agile way. In this case, the project majority is routine and predictable. On the 
other hand, a largely agile approach may be applied when a specific element is non-














Hybrid life cycles are a good strategy of transition from TPM to APM since many 
companies are not able to change ways of working overnight. How larger the 
organization, and the more ongoing processes, more difficult and longer will be the 
transition from a predictive environment to a fully agile state. Thus, the initial 
appliance of both approaches, depending on the specificity of certain elements is a 
reasonable choice for a gradual transition [23]. A good example of a hybrid approach 
appliance, could be found in the work referenced in Table 15. 
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In this thesis, it was verified that a pure agile methodology does not fit 
to the addressed project. However, the scrum was the method that 
indicates better suitability; Thus, it was used as a basic principle. To 
create a methodology that fully fits the specific project, some elements 
were tailored with predictive components and other agile. This 
approach allowed to overcome the weaknesses found in elements that 
are outside of the agile area. This approach arose intending to 
transition from predictive approaches to agile, claiming that the 
appliance of a hybrid approach could be the best bridge to this 
transition. The whole methodology guarantees that the project is 
planned more efficiently, resulting in customer satisfaction, reduction 
of rework, which translates to a reduction of costs. 
 
2.3 SURVEY AND DATA PROCESSING 
 
A questionnaire survey is performed to collect data, and posteriorly analyze it. The 
statistical analysis allows identifying characteristics of the AI, through the association 
between variables, and this association could be identified by the means of statistical 
analysis. The tests used in the statistical analysis, the tool used for the questionnaire 
evaluation, examples of sample sizes in related surveys, and the software used to 
achieve all the results, are described in the next sections. 
 
2.3.1 Statistical Tests 
 
Regarding the statistical analysis of the results, some known tests can be applied, such 
as: 
 
• Mann Whitney; 
• Kruskal Wallis; 
• Spearman’s correlation; 
• Chi-square; 
• Cohen’s kappa. 
 
The first three are non-parametric measures, and these types of tests have no 
presupposed, once require fewer assumptions about the type of data on which they 
can be applied. They also reduce the effect of outliers and are frequently used by 
ordinal data. On the other hand, the non-parametric tests are not, in general, so 
powerful as its parametric alternatives, when the presupposed are verified [60].  
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The Mann-Whitney test is intended to compare differences between two independent 
groups when the dependent variable is either ordinal or continuous.  
The Kruskal-Wallis test is a non-parametric test used to compare three or more 
independent samples. It may be seen as an extension of the Mann-Whitney test when 
there are more than two groups of an independent variable, on a continuous or 
ordinal dependent variable.  
A Chi-square test for independence is used to analyze the relationship between two 
categorical variables [60].  
The Spearman’s rank-order correlation measures the strength and direction of the 
association between two ranked variables, being utilized for either ordinal variables or 
continuous data.  
Cohen’s kappa coefficient is a test that is used to measure inter-rater agreement for 
categorical scales, when there are two or more evaluators [61].  
To decide which statistical test to apply on each investigation hypothesis, it is 
necessary to consider what are the independent (X) and dependent (Y) variables of it. 
The Y variables are those that depend on the first ones, that is, the behavior of X 
variables can influence the behavior of the Y variables. Also, the statistical test to apply 
varies according to the measure types of the variables, and with the categories (Cat.) 
number (No.) of the X variables. Therefore, a summary of when to use each statistical 
test is shown in Table 16. 
 














Analyze the relationship 
between two nominal variables 
Chi-square 
Ordinal Ordinal 
Measure the strength and 
direction of the association 




Nominal 2 Ordinal 
Compare differences between 
two independent groups 
Mann-
Whitney 
Nominal +2 Ordinal 
Compare differences between 










Measure the level of agreement 






Then, a summary of how to perform each statistical test was developed, and is 
represented in Table 17. 
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Test Statistic p-value Decision 
Mann-
Whitney 
H0: F(X1) = F(X2) 
H1: F(X1) ≠ F(X2) 
W = min (R1,R2) 
R1 = sum of the order 
numbers from the first 
sample observations 
R2 = sum of the order 




If p-value ≤ α = 
0,05 ; Reject H0 
Kruskal-
Wallis 
H0: F(X1) = F(X2) 
= … = F(Xk) 
H1: At least one 
of the 
populations 




Ri = sum of the order 
numbers of the i-th 
sample 
=P(χ 22>Hsample) 
If p-value ≤ α = 









 =P(χ1 2> χ 2sample) 
If p-value ≤ α = 




H0: 𝜌 = 0 
H1: 𝜌 ≠ 0 
 
 
d = difference between 
ranks 
𝜌 or rs can take values 
from -1 (perfect 
negative association) to 




If p-value ≤ α = 





k can range from -1 (no 
agreement) to +1 
(perfect agreement) 
 
If p-value ≤ α = 
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Table 18 describes some examples found in the literature, where a questionnaire 
survey was developed in order to collect data, and posteriorly analyzed, presenting 
many similarities with this work. There were found more studies where a 
questionnaire survey was developed, however, the two referenced ones are those that 
present greater proximity in the applied techniques. 
 





In this article, factors that can influence the adoption of agile methods 
in software development are investigated. A pilot study using a 
questionnaire was conducted in two languages, English, and Malay. 
The investigation hypotheses were analyzed, as well as the correlation 
between variables and a reliability test. 
[63] 
In order to access how is the Portuguese packaging industry adapting 
itself to the increasing demands of the market, while complying with 
the global environmental requirements, a questionnaire survey was 
developed aiming to evaluate the implementation of eco-design in the 
Portuguese packaging industry. 
 
2.3.2 SWOT Analysis 
 
 A SWOT analysis is a strategic planning tool that is commonly used in the decision-
making process. It provides information that helps identify key internal and external 
factors, that are important to achieve the proposed objective. The internal factors are 
strengths and weaknesses, and the external parameters are opportunities and threats 
[64]. Such an analysis is crucial to identify what could be advantages, disadvantages, 
prospects, and risks of what it is intended to evaluate. It also permits identifying 
incongruities doing a cross-check in the SWOT board. In Table 19, are referenced and 
described two studies whereby SWOT analysis was applied. 
 





The paper presents a method to measure the performance of a 
company, combining strengths, weaknesses, opportunities, threats, 
and the balanced scorecard. This combination asses quantitatively a 
company.   
[64] 
In this research, factors that influence the decision-making process for 
the development of a system were analyzed, including strengths, 
weaknesses, opportunities, and threats. SWOT analysis was used to 
develop a SWOT matrix for the specific system development. 
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2.3.3 Sample Size Examples 
 
The sample size is one of the most crucial factors for the success of the survey, and 
how larger the sample better conclusions can be drawn. Therefore, it is required to 
identify the sample size of similar study cases, where a questionnaire survey type was 
developed, intending to posteriorly compare the obtained sample in this study with 
them. In Table 20 various similar study cases are represented, comprising the same 
sectors that were addressed in section 2.2.5, and evidencing the considered sample as 
well as the respective population. 
 
Table 20 - Considered sample in similar study cases 
Bibliographic 
Reference 
Considered Sample Population 
[38] 
19 medium and large-
size companies - 48 
respondents 
Various Industry sectors considering 
innovative projects as Mining, Steel and 
Metallurgical, Automotive, Energy, 
Telecommunications, among others in 
Brazil. 
[62] 
Organizations from the 
public and private sector 
- 79 respondents 
Software Industry in Malaysia. 
[51] 
10 small and medium 
companies 
Various Industries as Electronic, food, 
among others in the UK and Malaysia. 
[66] 107 responses 
IT field in Argentina, Belgium, Brazil, Chile, 
China, Colombia, Costa Rica, Dominican 
Republic, Germany, Spain, Switzerland, 
United States… 
[50] 
20 SMEs – 30 
respondents 
400 Manufacturing sector SMEs including 
rubber, textile, electronics, marine product, 
industrial machinery, mulch, and paint 
manufacturing in Queensland. 
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2.3.4 Software Used to Achieve Results 
 
The development of this work requires the utilization of various software to achieve 
the proposed objectives. Those objectives entail two main methodologies, such as 
questionnaire development, and statistical analysis. Table 21 shows the software 
utilized in this work, as well as some alternatives, for each methodology. 
 
Table 21 - Software used and alternatives in the survey and data processing 
 
The first one allows to create and distribute the questionnaire, as collect all the 
obtained data. It also automatically summarizes, or divide the questions into individual 
answers, at the same time that allows exporting all the information into different 
formats. Therefore, the data could be exported to SPSS®, whereby statistical inference 
and frequencies’ calculation, could be done. In order to obtain more personalized 
graphs for the descriptive analysis, presenting more possibilities in terms of edition, 
Microsoft® Excel was used.  
 
These software present themselves as the most suitable for the work development, 
since some prior knowledge about them is acquired, and allow the accomplishment of 
all the proposed objectives. Nevertheless, some alternatives are also presented.  
Methodology Software used Alternatives 
Questionnaire 
development 
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3.1 RESEARCH PLANNING AND EXECUTION 
3.2 STATISTICAL ANALYSIS 
3.3 CRITICAL ANALYSIS OF RESULTS 
3.4 COMPARISON WITH BARRIERS OBSERVED IN OTHER 
INDUSTRIES 
3.5 RECOMMENDATIONS TO OVERCOME THE IDENTIFIED 
BARRIERS 
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3 THESIS DEVELOPMENT 
 
3.1 RESEARCH PLANNING AND EXECUTION 
 
3.1.1 Specific Research Aims and Questions 
 
This survey aims to identify the main barriers in the implementation of AM in non-IT 
environments, with a focus on the automotive manufacturing sector. Though, going 
more deeply there is a wide variety of relevant questions that this survey allows 
settling, being them: 
 
• Are the benefits of implementing AM visible from the respondent’s view? 
• The barriers found in the literature, regarding the implementation of AM in 
software development, can be reflected in other areas as automotive 
manufacturing? 
• These barriers are of technical, institutional, financial, organizational, or market 
nature? 
• Are there barriers found in the companies that are not mentioned in the 
questionnaire or literature? 
• Are internal or external the major source of these barriers? 
• How difficult is it to implement an agile approach from the respondent’s point 
of view?  
• What is the main enabler for the implementation of AM? 
• Do the company characteristics affect the implementation of AM? 
• If product requirements come from abroad (OEMs), does it affect the 
implementation of AM? 
• The company production type could be an organizational barrier for AM 
implementation? 
• The need to improve flexibility, PM approach, manufacturing system, and the 
implementation of AM, have an association with the company’s degree of 
change? 
• The APM company culture could be an institutional barrier for the AM 
application? 
• The company's main criteria for projects and products influence AM 
implementation? 
• The minimum qualification for the PM team influences the knowledge about 
AM and its implementation? 
• Is there a lack of top management involvement in the companies? 
• Do companies devote the necessary effort to PM? 
• The Portuguese companies are predisposed to APM? 
• The absence of immediate quantifiable benefits influences AM 
implementation? 
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Fig. 16 – Research flowchart 
3.1.2 Research Design 
 
To depict the steps followed in the development of this study, a flowchart was 



















The previous bibliographic work was carried out before this specific research, however, 
it includes the main topic of the study, such as APM. Then, it was necessary to define 
the specific theme, topics, and sector that the survey was going to address, being 
barriers in the implementation of AM in AI. This entailed a new literature review 
regarding this specific topic. After that, it was possible to create the questionnaire 
according to the survey purpose. This step includes the questionnaire, its formulation, 
validation, analysis, and the process of sending and waiting for answers. Once the 
number of answers received is significant, and the chances of increasing this number 
are low, it is possible to analyze the received data through statistical analysis. This 
analysis enabled to characterize the AI, as well as to categorize the barriers found. 
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Lastly, a critical analysis of results through the comparison of barriers identified in the 
literature, and also recommending possible enablers, allowed to reach conclusions. 
3.1.3 Schedule of Work 
 
For the development of this dissertation a Gantt Chart was built, in order to keep the 
work organized by phases, provide guidelines in the progress of it, and guarantee that 
it is completed in time. This graph follows the flowchart previously mentioned from 
the STEP 2 process, adding the fact of describing the activities duration, and enabling 
the creation of a work schedule. It was developed on MS Project, and includes a series 
of activities divided into four main activities: The initial tasks, questionnaire survey, 
thesis development, and thesis presentation. These activities establish the main event: 
Complete the master’s thesis as observed in the first column. In the second column is 
defined the duration of the activities, being them assigned through common sense, 
which means that the dates could not be strictly verified. In the third column is 
represented the Start Latest Late (SLD) for each activity while the fourth column 
corresponds to the Finish Latest Date (FLD). In the last column are defined the 
predecessors for each activity, leading to sequencing them and, consequently, to the 
construction of the Gantt Chart as shown on the right side of Fig. 17. 
 
 
Fig. 17 – Activities, duration, predecessors and subsequent Gantt Chart 
 
The project calendar was defined by an FLD being it 1st July 2020 and which, with the 
definition of activities duration and predecessors, leads to the LSD of the project being 
it 5th March 2020. To emphasize that in this chart, due to the unpredictability of the 
environment, were not considered all the specific steps of the development of this 
work, considering exclusively the main general and crucial activities to complete the 
master’s thesis. 
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3.1.4 Questionnaire Framework 
 
For the purposed survey, one of the most crucial components is the questionnaire. It 
allows to collect data from the Industry, analyze it, and draw conclusions, therefore it 
must be prepared meticulously considering what is expected to achieve. 
 
Once the main aim of the work is defined: Identifying barriers in the implementation of 
AM in AI; it is possible to identify groups that must be present in the questionnaire, 
being them APM and barriers in its methodologies’ application. These represent the 
two last groups of the questionnaire, since they are directly related to the main 
question. These specific topics could differ according to the company characteristics, 
systems, processes, etc. thus it is crucial to make the company characterization before 
questioning the key topics. In that way, it is possible to connect the type of barriers 
verified in the companies regarding their characteristics. Also, all the answers may 
depend on the characteristics of the respondent, despite that it should not be a 
variable of great influence as long as it complies with the main requirement: being 
familiar with APM. As a result, all the groups, their questions (qn), and variables are 
identified and sequenced in Table 22. 
  
Table 22 – Questionnaire framework according to its groups, questions, and variables 









Region, Employees, Organizational Structure, 





Production Type, Production Changes and purposes 
influence, Improve Flexibility, Management 
Involvement, Machining System, Influence Factors, 
and Quality Criteria. 
IV. Product 
Development 
Process and Project 
Management 
20-23 
Product Development Process, Project Management 
Approach, Project and Product Development 
Criteria, and Project Changes. 
V. APM Environment 24-32 
APM Transition, APM Culture, AM Application, 
Departments Applying AM, APM Certification, PM 
Team, Minimum Qualification, Agile Techniques and 
Tools, and Agile Techniques and Tools Contribution. 




Barriers Category, Barriers Source, Specific Barriers, 
Other impediments, and AM Implementation 
Difficulty.  
VII. Enablers for AM 
implementation 
38 AM Implementation Enablers 
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Concerning the objectives of each group, the first one intends to guarantee that the 
questionnaire is answered by persons that already experienced APM, and also 
understand the respondent position. The second one aims to identify the following 
company characteristics: region, company size, structure type, culture, customers, and 
market. The following group seeks to characterize and evaluate the company main 
priorities regarding the manufacturing process. Group four starts entering in the field 
of APM describing how the product development process is performed, what are the 
normally PM approaches applied in the company, and which is the degree of change 
during this process. All these company characteristics, from group two to group four, 
could be sources of barriers in the implementation of AM. The fifth group specifies and 
pretends to analyze, the company’s predisposition to AM, as well as the current APM 
environment, the employer’s point of view regarding the benefits of its 
implementation, and if the company is devoting the necessary efforts to the PM field. 
The penultimate group permits identifying what specific barriers are found in the 
automotive sector, and the employers' view regarding its sources. The last group 
contains one question, which intends to find what factors can be the major enablers 
for the AM implementation. 
 
3.1.5 Questionnaire Methodology 
 
The questionnaire was developed in the sequence previously mentioned. This 
sequence allows to first, understand the respondent and company characteristics, and 
secondly, go through the specific matter. The point is that, with the comprehension of 
the company environment, it will be possible to justify why some barriers are verified 
in the implementation of AM. That is, with the questions asked will be possible to 
connect the answers in group II with those obtained in group VI, to find barriers 
derived from the characteristics of the organization. For instance, in group VI question 
35 of the questionnaire, if the barrier “Improper competency management” has a big 
influence on the AM implementation, that could be justified from a company 
characteristic already asked in group III, question 16: “is the management strongly 
involved with the production department?”; In other words, if the company reveals 
that the management department is not involved with the production department, it 
can be deduced that “Improper competency management” is a barrier to the 
implementation of AM. This methodology was made in several questions in a way that 
the company characterization group allows to find barriers in an indirect way. 
 
Also, the questions in group V related to the current APM situation in the company, 
will permit to link with group VI since the barriers found in the implementation of AM, 
could derive from the current predisposition of the company for its application. For 
instance, if the answers given in group V reveal that the company does not make the 
necessary efforts for AM implementation, the barriers described in group VI could be 
just a justification for the non-implementation.  
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Furthermore, some questions are similar, however, asked differently (cross-check), 
such as questions 33 and 34 in group VI. The barrier’s categories presented in the first 
one corresponds to sources mentioned in the second, being possible to observe if both 
answers match. 
 
To better collect and analyze the data, various type of questions were used, being 
them: 
 
• Multiple-choice questions; 
• Checkboxes questions; 
• Dichotomous questions; 
• Scaling questions; 
• Open questions – for justifying previous answers. 
 
The majority of the questions for statistical treatment were made using a Likert-type 
scale, which is the most commonly used approach to scaling responses in survey 
research. When responding to a Likert item, respondents specify their level of 
agreement or disagreement. The Likert-scale usually includes five levels of 
agreement/disagreement, however, six levels of measurement were applied instead of 
standard five. Six levels scale besides allowing more detailed data also avoids that, in 
case of doubt, the middle option is chosen. Still, the established six levels are not only 
related to agreement or disagreement, but also with the influence level of some 
variables from the respondents’ perspective.  
 
The questionnaire has an estimated completion time of 10 minutes, and was made 
with an extremely thought-out methodology, in order to avoid contradictions, and get 
the most reliable possible data.  
 
3.1.6 SWOT Analysis 
 
To ensure that the questionnaire has the capability to fulfill the purposes, to improve 
what has room for improvement and, to identify the boundaries, a technical analysis 
was made. SWOT analysis is a technique that allows assessing four crucial aspects of a 
product, service, or any other matter that is necessary to be evaluated, being them 
strengths, weaknesses, opportunities, and threats. The development of this technique, 
regarding the questionnaire survey, allows identifying what is done well, what has 
room for improvement, what can be used as an advantage,  what is the environmental 
characteristics, and how they can affect it.  
 
The awareness of all these factors permits understanding the questionnaire capability, 
as well as adjust the expectation of the results, being represented in Table 23. 
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Table 23 - Questionnaire SWOT analysis 
Strengths Weaknesses Opportunities Threats 




Allows to collect 
relevant data for the 
study purpose 
 
Easily shared by link 
 








Validated by experts 





Requires to be 
answered by 





Evolving discipline in 
the manufacturing 
sector (Agile Project 
Management) 
 
Literature gap – 
dominated by the IT 
sector 
 
Very few bibliographic 
references found on 
this specific field (AI) 
Current World 
pandemic situation 





there may be no 
predisposition 
from the possible 
respondents 
 
3.1.7 Questionnaire Validation 
 
The questionnaire was made to comply with the following requirements:  
 
• Guarantee that it is easily understandable by the respondents; 
• All the questions and answers allow the accomplishment of the established 
goals; 
• All the questions are made to be able to statistically analyze them; 
• The content of the questionnaire is technically correct. 
 
To ensure compliance with these requirements, the questionnaire passed through a 
validation process where various experts in the fields of Mechanical Engineering, 
Project Management, and Statistical Analysis were contacted, in order to comment 
and validate the questionnaire. This contact was made through E-mail, toward persons 
with recognized knowledge and experience in the previously mentioned fields.  
 
In Table 24 are referenced the contacted persons, their professions, abilities, and 
comments.  
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Table 24 – Characterization of the responsible persons for validating the questionnaire and its comments 
Name Profession Abilities Comments 
Luis 
Torres 
Professor in the 




Special skills in the 
field of Automotive 
Engineering 
The questionnaire is well 
prepared, focusing on the 
most pertinent questions 
about current management 




Professor in the 
field of Statistic 
Special skills in 
Statistic analysis and 
data treatment 
(SPSS®) 
Made suggestions to 
specific questions in order 












Dynamization of daily 
workflows with a view 
to maximum flexibility 
of human and 
material resources to 
obtain the best 
productivity and 
efficiency 
The form is well structured, 
and will allow to 
characterize and relate, 
among other things, the 
people who respond, the 
size of the companies, with 





Manager in the 
automotive sector 
Large experience in 
Project Management 
in the production of 
components for AI 
The questionnaire focuses 
on the most pertinent 







in the automotive 
sector 
Large experience in 
the automotive sector 
as a manager 
Interesting survey, also the 
framework and content; 
Suggested specifying agile 
methods as kanban and 
scrum 
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Fig. 18 – Platform appearance and framework 
3.1.8 Platform Used for the Questionnaire Development 
 
The platform used for the questionnaire development was Google Forms®. It is a very 
simple tool, that allows creating surveys through forms and questionnaires in a free, 
and easy way. In a nutshell, the first step is choosing the form title and its description, 
and then it is possible to add questions. At this point, the tool provides very solid 
question types that could be from a multiple-choice to a checkboxes grid question.  
 
Also, it is available to change the font format, add images, videos, and sections. Lastly, 
when the form is done, it can be sent through E-mail, shared link, etc. in order to 
collect data from the respondents. In Fig. 18 is depicted the appearance, as well as the 






















The collected data could be seen by question, individual response, or a summary of 
responses where the platform automatically organizes the data into pie and bar 
graphs.  
 
In Fig. 19 and Fig. 20 are demonstrated two examples of how the platform reveals the 
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Fig. 20 – Example 2 of how the platform discloses the collected data - Pie chart 












In Table 25 are described some of the advantages and disadvantages, observed in the 
platform used for the questionnaire development. 
 
Table 25 – Google Forms® experienced advantages and disadvantages 
Advantages Disadvantages 
Free platform 
Necessary to have Google account Collect information easily and efficiently 
Simple, and easy-to-use 
Availability for various question types, add 
images, sections, drag items, and organize 
them 
Very limited design customization (just 
possibility of changing pre-defined colors 
and fonts), which leads to the easy 
recognition of the questionnaire source 
Record and show the received feedback by 
individual answer, question, or summary of 
responses (with the usage of graphs)  
Does not limit the number of questions on 
the form, and the number of responses 
received 
THESIS DEVELOPMENT  53 
 
Identifying Barriers in the Implementation of Agile Methodologies in Automotive Industry  Daniel Esteves Soares 
 
3.1.9 Considered Sample 
 
The sample is one of the most crucial factors for the success of the survey, and how 
larger the sample the better conclusions can be drawn. To accomplish that, the contact 
was attempted with most of the companies that produce components for the AI. AFIA 
was contacted, with the purpose of providing the companies list that are part of it. 
Then, the communication with companies was made by E-mail or by telephone 
requesting to complete the questionnaire. Also, with the industrial knowledge of the 
persons that are responsible for the guidance of this work, personal contacts were 
made to spread the survey inside the AI. 
 
3.1.9.1 Consulted Sample and Effective Sample 
 
According to AFIA, in 2019 there were 240 companies related to the manufacture of 
components for the AI. About 140 companies were contacted, making the consulted 
sample. From those 140 companies, 56 (23% of the total population) answers were 
received representing the effective sample since they have an active role in the 
dissertation, as they answered successfully to the distributed questionnaire.  
 
A confidence level of 95% was considered for the statistical analysis of the collected 
data. 
 
3.1.9.2 Comparison with Similar and Relevant Study Cases 
 
Due to the questionnaire specificity, complexity, being directed to middle and top 
management, and the pandemic environment at the time of spreading the 
questionnaire, greater difficulty in the possible sample size was entailed. However, in 
comparison with similar study cases presented in 2.3.3, this survey presents itself with 
a greater amount of obtained data (larger sample) along with a smaller population, 
which represents a very reasonable quality sample. In the exemplified study cases, it is 
possible to observe that just two studies have a larger sample than what was 
accomplished here. One of them, in Malaysia, with three times of Portugal population, 
and in the software field, which increases the possible cases of analysis. The other 
study was made also in the software development field with 107 responses obtained, 
however with a population that includes an enormously high number of countries. 
These factors corroborate the good quality of the obtained sample in this survey, 
allowing the analysis of the data for further discussion of the results. 
 
3.1.10 Statistical Indicators 
 
To analyze the obtained data, and answer to the specific questions referred in 3.1.1, 
some examination could be done in an almost direct way through charts, and answers 
percentages evaluation. However, some of the most crucial objectives of this survey 
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require the application of statistical analysis, and for that reason, investigation 
hypotheses were defined. The investigation of these hypotheses will allow the 
comprehension of the relationship between some variables, and their influence in the 
implementation of AM.  
 
3.1.10.1 Investigation Hypotheses 
 
The investigation hypotheses are described in Table 26, as the related variables, 
questions, and groups. 
 
Table 26 – Investigation Hypotheses, related variables, questions, and groups 
Investigation Hypotheses Variables qn Groups 
H1: The company characteristics affect 
the implementation of AM 






H2: The company production type 
influences the implementation of AM 
Production Type 12 III 
H3: The manufacturing system used, 
the need to improve flexibility, AM 
implementation, and PM approach 
have an association with the 
company’s degree of change 
Manufacturing System, 








H4: The APM company culture 
influences the implementation of AM 
APM Culture 25 V 
H5: The company criteria for product 
and project affects the AM 
implementation 







H6: The minimum qualification for the 
PM team influence the knowledge of 
AM and its implementation 
Minimum Qualification 30 V 
H7: The Improper Competency 





H8: The APM Certification has an 
association with the company’s degree 
of change 
APM Certification 28 V 
H9: The change predisposition 
influences the AM implementation 
Change Predisposition 35 VI 
H10: The absence of immediate 
quantifiable benefits influences the AM 
implementation 
Absence of Immediate 
Quantifiable Benefits 
35 VI 
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3.1.10.2 Analyzed Variables 
 
To define the statistical tests to perform considering the hypotheses that are intended 
to investigate, it is necessary to classify the variables that are part of this analysis. This 
classification distinguishes the variables by independent (X) and dependent (Y), as well 
as define their measure type, and Cat. No. for the hypotheses (Hypos), as represented 
in Table 27.  
 
Table 27 – Identification of independent and dependent variables, measure type, and their categories 






















Market and Supply 
Chain Barrier 
Ordinal 


























































H9 Change Predisposition Ordinal 6 No obligation Ordinal 
H10 
Absence of Immediate 
Quantifiable Benefits 
ordinal 6 
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To reference that, the scale independent variables have to be recoded into new 
nominal variables in order to enable the statistical analysis. Additionally, the variables 
production changes and project changes will be converted into one mean variable, 
intending to characterize the company’s degree of change, and simplify the statistical 
analysis.  
 
3.1.10.3 Statistical Tests 
 
After identifying the dependent and independent variables, and according to the 
measure type of them (nominal or ordinal), the number of its categories, recode the 
scale variables, as well as calculate the mean variables of the above-referenced ones, it 
is possible to define the statistical tests to run as explained in Table 16, section 2.3.1.  
 
In Table 28 are represented the statistical tests applied for each investigation 
hypothesis. 
 
Table 28 - Statistical tests to run in each Hypothesis 
Investigation Hypotheses Statistical Tests 




H2: The company production type influences the implementation of 
AM 
Kruskal-Wallis 
H3: The machining system used, the need to improve flexibility, AM 
implementation, and PM approach have an association with the 
company’s degree of change 
Mann-Whitney 
Kruskal-Wallis 
H4: The APM company culture influences the implementation of 
APM 
Kruskal-Wallis 





H6: The minimum qualification for the PM team influence the 
knowledge of AM and its implementation 
Kruskal-Wallis 
Chi-Square 




H8: The APM Certification has an association with the company’s 
degree of change 
Mann-Whitney 
H9: The change predisposition influences the APM implementation 
Spearmen´s 
Correlation 
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3.2 STATISTICAL ANALYSIS 
 
This chapter is the most crucial part of this study, since it addresses all the specific 
formulated questions in 3.1.1. It also provides all the information collected through the 
questionnaire, the results obtained through statistical treatment, and a critical analysis 
of the results. It still includes a comparison with similar study cases in other fields, and 
possible solutions for the identified barriers. 
 
3.2.1 Respondent Characterization 
 
The first group of the questionnaire intends to characterize the respondent, describing 
his/her age, education level, department, and more importantly, if he/she is familiar 
with the concept of APM. This question aims to guarantee that the inquiry is directed 
through and returned by persons that already experienced, or at least, recognize the 
subject of this study. The results show that almost 85% of the respondents are familiar 
with the theme in focus, which is a very substantial percentage, and showing that the 
questionnaire was directed to the intended persons. However, respondents who said 
they are not familiar with the concept, still answered the questionnaire. This could 
mean that they are not in an intermediate or top management position, not knowing 
the specific term, but they are still capable of answer the questionnaire once they 
work in the field, and are able to describe and characterize the processes, as well as 
the technical features.  
 
A results’ summary for the respondents’ characterization is presented in Fig. 21. 
Approximately 65% of the respondents have between twenty and thirty-nine years, 
while about 35% have between forty and fifty-nine years. Almost the totality of the 
respondents (98,2%) have a high education course, which is a very good sign of the 
knowledge and education present in the companies. Also, about 77% of the 
respondents belong to departments of interest to this study, being them project 
management and product development, production, and general management. The 
remaining percentage corresponds to sectors as process engineering, maintenance, 
and software.  
 
Respectively to the job position, which is an open-ended question, the most 
referenced positions were “project manager”, “process engineer”, “project engineer”, 
“production manager”, and “project chief”. 
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Fig. 21 – Respondents’ characterization through a combined bar graph 
 
3.2.2 Company Characterization 
 
In Fig. 22 is represented a summary of results for the variables that are part of the 
companies’ characterization group.  
 
As expected, due to the location of the majority of the automotive manufacturing 
sites, north and center are the significant regions to analyze. Through the number of 
employees, it is possible to define the company size in a scope that comprises micro, 
small, medium, and large companies. More than 90% of the responses define the 
organizations as medium and large enterprises, indicating that the companies devoted 
to this sector are significatively relevant.  
 
The percentages relative to the types of organizational structure are distributed in a 
very similar way, though the functional structure seems to be the more adopted 
approach by the companies. This structure type is based on specialization and 
functions distinction, that is, one specialty does not interfere with another, and is 
normally used in stable environments that do not experience rapid and constant 
changes, both internally and externally. Also, there is a difficulty of integration, 
communication, and coordination between sectors, since each team is independent in 
terms of decision making, and activities performed. 
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Fig. 22 – Companies’ characterization through a combined bar graph 
In addition, the company's employees end up losing the global vision of the business, 
considering that they are very focused and specialized in their work area. This leads to 
not being able to serve other sectors of the company in an effective way, making it 
difficult to align with the strategic objectives of the business as a whole. Perhaps, this 
is not the best approach for those who intend to implement AM. 
 
Near 90% of the companies, which is a huge percentage, exports more than 75% of its 
production volume, which meets the obtained data through AFIA claiming that from 12 
Billion EUR turnover, 9,7 Billion EUR correspond to exportation. This factor can 
influence the following factor, being it the imposed requirements from OEMs. Since 
the majority of the companies have a high percentage of exportation, it is 
understandable that the product requirements also come from abroad. Therefore, the 
percentage of companies that are subject to product requirements (near 84%) is in 
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3.2.3 Manufacturing Process Characterization 
 
Regarding the manufacturing process, as expected, the mass production is the 
production type pointed out with a higher percentage (51,8%), once it is the most 
common process used by the AI. Batch production also has a significant percentage 
(23,2%), probably corresponding to the activity of metalworking inside the AI. 
 
More than 62% of the companies experienced changes in the last three years, with a 
degree of occurrence between three (sometimes) and six (always), on a scale of one to 
six. The fact that the manufacturing process is constantly changing, means that a 
predictive approach, since the project and product development phase, will not be 
effective due to the unpredictable environment and market.  
 
In order to understand the reasons that lead to those changes and their influence on 
productivity, a stacked bar chart was built, which is depicted in Fig. 23.  
 
It is possible to observe that there are two easy distinguishable factors with clear 
influence on productivity between moderate and very high. For more than 80% of the 
respondents, “Increase production” and “Cost reduction” are the main factors. 
“Imposed changes by OEMs”, “Design”, and “Attempt to implement AM” also have a 
similar influence for more than 60% of the respondents, while “Environmental issues” 
plus “Governmental policies” do not significantly represent the purposes of the 
changes.  
 
Furthermore, the results indicate that almost 93% of the companies, have the 
intention to improve the manufacturing process to increase flexibility. This flexibility 
might improve the responsiveness of the company to the occurred changes during the 
production process.  
 
Considering the degree of involvement among the management and production 
department, around 85% of the respondents, claim that the management is between 
highly involved and extremely involved, whereby there seems to be no lack of support 
from the management team in the sample.  
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Fig. 24 – Percentage distribution between production systems 
Fig. 23 – Percentages of the change’s purposes and influence on productivity 
Moreover, as represented in Fig. 24, nearly 81% of the companies feature an agile 
manufacturing system, meaning that they can produce a planned range of product 
models in a product class. This type of system is more capable of handle the unplanned 
changes, once it has the ability to support different processes in a different order, 














In Table 29, factors to compare the manufacturing systems, the way they behave on 
each system (high or low represented by arrows), and the respondents' perception 
regarding the influence of each factor in the use of one or another, are represented. 
For instance, the “Investment cost” is smaller (↓) in a dedicated system than in the 
agile. Also, the respondents claim that the “Cost to introduce new models” is the 
factor with the least influence on the choice of one or the other system (32.1%). 
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Table 29 – Comparison of Dedicated and Agile manufacturing systems, and respondent’s perception 





Investment Cost ↓ ↑ 55,4% 
Production Volume 
Capability 
↑ ↓ 53,6% 
Capacity to introduce new 
(unplanned) models 
↓ ↑ 33,9% 
Time to introduce new 
models 
↑ ↓ 41,1% 
Equipment Re-usability for 
other machining 
applications 
↓ ↑ 57,1% 
Cost to introduce new 
models 
↑ ↓ 32,1% 
 
From the respondent’s perception, “Equipment re-usability” is the factor with higher 
influence in the use of one or another system, and indeed, it is one of the main 
advantages of the agile system over the dedicated. However, the further two factors 
most selected by the respondents, “Investment cost”, and “Production volume 
capability”, are factors that provide an advantage to the dedicated system, not 
coinciding with the system mostly used by companies. In other words, these two 
factors should not have been the most selected by the respondents, considering the 
most used manufacturing system in the companies, and showing some incoherence in 
these two questions. 
 
In Fig. 25 are represented the companies' quality concerns, evaluated on a scale of one 
(none) to six (very high), aiming to comprehend what are the factors that the 
companies give more attention to. The responses illustrate that all factors are 
important, although some differences can be observed. Primarily, the most selected 
quality concern is “Customer satisfaction”, which is a crucial feature in the 
implementation of an agile methodology. Though, the “Improvement of internal 
communication” does not seem to be an important aspect from the respondent’s 
point of view. This, aligned with the functional organization type adopted by the 
companies, demonstrates that the employees are focused exclusively on their work, 
not mattering the communication and interaction with other sectors, thus ending up 
losing interest in the overall purposes of the company. This can mean quite the 
opposite of what an agile philosophy is, giving great importance just to “Productivity”, 
“Financial performance”, and “Consistency of product”, plus leaving in the background 
the “Implementation of best practices”, and the “Improvement of internal 
communication”. 
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Fig. 25 – Percentages and evaluation of the companies’ quality concerns 
Fig. 26 – Product Development Process characterization 
 
3.2.4 Product Development Process and Project Management 
 
In order to understand and characterize the product development process, four 
questions and their variables were defined. Firstly, it is necessary to understand If the 
companies, whether to develop this process themselves or subcontract abroad. In Fig. 
26 it is possible to verify, that more than 91% of the companies develop the majority of 
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Fig. 28 – Percentages of companies’ Project and Product Development Criteria 
Fig. 27 – Percentage distribution among Project Management Approaches 
Then, it is needed to know what approach is normally applied in the PM field. Through 
Fig. 27, it is noticeable that a lot of PM teams are experiencing the agile approach or, 
at least, iterative or incremental methods. These methods allow feedback from the 
customer, permitting changes during product development, in order to change and 


















In Fig. 28 are presented the main criteria during the project and product development 
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At a first glance, the most important aspect to analyze is the high percentage of 
respondents that select “Follows the customer requirements” criteria and that, aligned 
with the fact that more than 80% of the companies follow the product requirements 
imposed by the OEMs, proves the high degree of dependence that these companies 
have in the sector. It is also important to emphasize the low percentage of “Origin of 
materials”, and “Sustainability” criteria, indicating that the environmental aspect is 
one of the least important during the project and product development phase.  
  
3.2.5 Agile Project Management Environment 
 
In Fig. 29 is illustrated a combination of bar charts that serves as a results summary, 
reflecting all the variables that characterize the APM environment group. Regarding 
the APM culture of the companies, more than 73% of them are studying the 
implementation or working under AM, which is a very reasonable number. 
Approximately the same percentage, have departments where agile techniques 
(kanban, scrum, or scrumban) are applied. Production, planning and logistics, plus 
project and product development are the departments where this application is more 
visible. 
 
The last top three variables intend to perceive if the companies are devoting the 
necessary effort to the transition or implementation of APM. The process of APM 
certification is still difficult, and not much requested by the companies. Nevertheless, 
there is a significant percentage of responses (30%), claiming that they have certified 
collaborators in APM in the company. Also, almost 60% of the companies have more 
than ten persons dedicated to the PM team. Lastly, the majority of the companies 
have a minimum qualification as a degree for the project and product development 
team. However, there is a percentage of minimum qualification as secondary 
education (19,6%), higher than a master’s degree (14,3%). It does not seem to be the 
ideal situation, and could lead to a lack of skills and knowledge as a barrier to the AM 
implementation. Besides that, in a general way, the companies show to be aware of 
what is APM but, probably, do not devote the necessary effort to adopt a fully agile 
approach. 
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Fig. 29 – Characterization of the companies’ Agile Project Management Environment through a combined bar graph 
 
In Fig. 30 is depicted a stacked bar chart where some specific agile techniques are 
depicted.  
 
The purpose of this question was to observe the knowledge of the respondents 
regarding this theme and, at the same time, if some of the techniques are applied in 
the companies. Once again, one of the main detected points was the “Customer 
integration” feature, reiterating the importance of customer satisfaction and 
requirements dependency for these companies.  
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Fig. 30 - Percentages of agile techniques and tools application 
Another tool supposedly quite applied is the “Daily meeting”, which is part of the 
scrum technique, though other tools are part of it, as the “Product backlog”, “Sprint 
iteration”, and “Incremental development”, those were not verified in the same way. 
This could mean that the companies could apply one or another tool, without fully 
applying the concept, such as the scrum technique. 
 
Considering the question 32 of the questionnaire, 82,1% of the respondents claim that 
the contribution of the agile techniques and tools varies between highly and extremely 
important. It is clear that the respondents notice the importance of these methods in 
their workplaces, even without applying them in full. 
 
3.2.6 Barriers in the implementation of Agile Methodologies 
 
This topic concerns barriers to the implementation of AM. In Fig. 31 are represented 
factors that affect the implementation of AM, as well as their influence from the 
respondents’ point of view. These factors are considered as categories for the barriers 
in this implementation, and the barriers further described will fit these categories. 
The most notable categories of barriers, in the stacked bar chart, are “Technical 
knowledge and capacity”, and the “Organizational culture”, both with an influence 
between moderate and very high in more than 60% of the responses. These factors 
could have an extreme impact on the success of AM implementation. The first one is 
indispensable, since everyone dedicated to the job needs to be aware of what is 
supposed to do, and have the necessary knowledge to apply it. The second one is the 
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Fig. 32 – Percentage distribution between the Barriers sources 
Fig. 31 – Barriers categories and their influence for non-implementation of AM 
factor with the greatest influence, and could be the biggest impediment inside the 
companies. That is, a company that has been working in one way for several years, or 
was even built to follow certain procedures, with a fixed organization structure over 
the years, cannot change these roots rapidly and effectively. Also, it is worth to 
mention that the “Lack of financial support” does not seem to be a factor with high 
influence for the non-implementation of AM. 
 
In Fig. 32 is illustrated a pie chart, to evaluate the major source of barriers from the 
respondents’ point of view. It is clear that the external environment does not have, by 
itself, influence in the implementation of AM while internal impediments seem to be 
the most significant. This meets the answers given in question 33 and depicted in Fig. 
31, since the two most verified factors (“Technological knowledge and capacity” plus 
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After performing a binomial test, and if p represents the companies’ proportion that 
claims the majority of the barriers’ source is solely internal: 
 
H0: p = 0,5 
VS 
H1: p > 0,5 
 
It was obtained an exact Sig. = 0,243 not being feasible to reject Ho, whereby it is not 
possible to affirm that, the majority of the Portuguese automotive manufacturing 
companies experiment solely internal barriers, despite 60% of the sample claiming it. 
 
Fig. 33 refers to the responses given in question 35, and represent specific barriers and 
their influence in the implementation of AM. Each specific barrier fits on a barrier 
category and barrier source, previously referred. Mentioning the barriers with 
influence between moderate and very high level, for more than 50% of the 
respondents, being them the “Lack of knowledge and skills”, “Stakeholders attitude”, 
“Time constraints”, “Existent organizational culture”, “Change predisposition”, “Staff 
not prepared to AM”, and “There is no time to think about that”. To highlight the low 
influence of the factors “It is not applicable to our product” and “Organization not able 
to apply AM” indicating that, indeed, the implementation of AM in the AI is 
conceivable. 
 
In question 36, an open-ended question was established to verify if there are more 
observed barriers in the industry, that are not referenced in the questionnaire. 
Although not many answers were obtained, two factors were mentioned, namely 
“Certification procedures” and “Lack of collective motivation”. 
 
A board was built to group the barriers presented in this survey, according to their 
source and category, which simplifies their visualization, and is represented in Table 
30. 
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Fig. 33 – Specific Barriers and their influence in the implementation of AM 
 








Absence of Immediate Quantifiable Benefits. 
 
Organizational 
Lack of Project Team Flexibility, Time Constraints, 
Project Lead-Time Not Critical, Existent Organizational 
Culture, It is not applicable to our Product, Risk, 
Organization not able to apply AM, Flexibility is not a 
priority, There is no time to think about that. 
Knowledge and 
Technology 
Improper Competency Management, Lack of Knowledge 




Ineffective Supply Chain, Stakeholders Attitude, 
Ineffective Customer Relationship. 
Institutional 
Governmental Policies and Support, Change 
Predisposition, and Lack of Government Benefits. 
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Fig. 34 – AM implementation difficulty from the respondent’s perspective 
In Fig. 34 is portrayed the difficulty, in a general way, of implementing AM in the 
companies from the respondents’ perspective. The results state that almost 90% of the 
respondents consider a difficulty between moderate and extremely difficult to 
implement AM. It is visible that it is not an easy approach to adopt, and requires effort 
















3.2.7 Enablers for the Implementation of Agile Methodologies 
 
The last question of the questionnaire (question 38), represents enablers found in the 
literature for the implementation of AM, intending to understand which ones have 
more influence in the automotive sector, and the percentage of the answers are 
represented in Fig. 35. The two most selected enablers were “Organizational support” 
and “Investment in training”, and these can counter the two most nominated barriers 
(“Organizational culture”, and “Lack of knowledge and capacity”). The first one aims to 
global and internal organization support, meaning everyone’s willingness and effort, 
while the second claims that the formation and training in the field are essential to 
have the necessary knowledge for this implementation.  
 
Also, an open-ended option was placed with the intention of checking for other 
enablers from the respondent’s point of view, and in any answer was selected that 
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3.2.8 Investigation Hypothesis 1 
 
It is worth mentioning that, for all the hypotheses’ investigation, it was solely selected 
the data that follows the condition: being familiar with APM, reducing the sample to 
47 responses, but improving the reliability of the tests. 
 
The first hypothesis attempts to realize if the company characteristics as the 
“Company size”, “Structure”, and “Product requirements”, may influence the AM 
implementation: 
 
H0: The company size, structure, exportation volume, and product requirements do 
not influence the AM implementation in the company. 
Vs 
HA: The company size, structure, exportation volume, and product requirements 
influence the AM implementation in the company. 
 
Chi-square, Kruskal-Wallis, and Mann-Whitney tests were conducted, and the results 
are illustrated in Table 31.  
 
It was possible to observe that there is no association between the “Company size”, 
and “APM culture” (χ2 = 1,651; p = 0,949). The same occurs with the variable 
“Structure”, that does not have any association with “APM culture” (χ2 = 6,070; p = 
0,415), as well as the “Exportation volume” (χ 22 = 5,456, p = 0,093). Regarding the 
“Product requirements”, there is no evidence, at the 5% significance level, that allows 
to state that product requirements influence the AM implementation. Therefore, it is 
not possible to state that the company characteristics influence the AM 
implementation. 
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Table 31 – Test results for Hypothesis 1 
Variables Test Hypotheses Test Statistic p-value 
Company Size 
H0: The company size and the APM culture 
are independents 
HA: The company size and the APM culture 
are not independents 
χ2 = 1,651 0,949 
Structure 
H0: The structure and the market and 
supply chain barrier are independents 
HA: The structure and the market and 
supply chain barrier are not independents 
χ2 = 6,070 0,415 
Exportation 
Volume 
H0: F Low = F Moderate= F High= F International 
HA: At least one of the populations tends to 
yield larger observations than at least one 
of the other populations 
χ 22 = 5,456 0,093 
Product 
Requirements 
H0: F No = F Yes 
HA: F No ≠ F Yes 
W = 163,000 0,214 
 
 
3.2.9 Investigation Hypothesis 2 
 
This hypothesis intends to evaluate if the “Production type” adopted by the companies 
could be an “Organizational barrier”, that impedes the AM implementation: 
 
H0: The production type does not influence the AM implementation in the company. 
Vs 
HA: The production type influences the AM implementation in the company. 
 
Kruskal-Wallis test was performed and Table 32 shows its results. 
 
Table 32 - Test results for Hypothesis 2 






H0: F Unit = F Batch= F Mass= F Continuous Process = F Other 
HA: At least one of the populations tends to yield 
larger observations than at least one of the other 
χ 22 = 10,052 0,040 
 
As the p-value is smaller than 5%, the decision is rejecting H0 leading to conclude that, 
at a significance level of 5%, there is evidence that there are differences between the 
groups (Χ22 = 10,052; p = 0,040). It is possible to state that the “Production type” in the 
companies, could influence the AM implementation through “Organizational barriers”. 
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Fig. 36 – Boxplot for the influence of an organizational barrier according to the production type  
Performing a multiple comparison test, it was observed that the batch production type 
represents statically significant differences, at a significance level of 5%, between the 
mass, continuous process, and other production types 
 
Fig. 36 illustrates a boxplot for the influence of an “Organizational barrier” according to 
















3.2.10 Investigation Hypothesis 3 
 
Hypothesis 3 aims to investigate if the “Manufacturing system” used, the need for 
“Improvement on flexibility”, “AM implementation”, and “PM approach” have an 
association with the “Company’s degree of change”: 
 
H0: The Manufacturing system, the need for improved flexibility, AM implementation, 
and PM approach do not have an association with the company’s degree of change. 
Vs 
HA: The manufacturing system, the need for improved flexibility, AM implementation, 
and PM approach have an association with the company’s degree of change. 
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Fig. 37 – Bar chart contemplating the company’s degree of change according to the manufacturing system 
Table 33 - Test results for Hypothesis 3 
Variables Test Hypotheses Test Statistic p-value 
Manufacturing 
System 
H0: F Dedicated = F Agile 
HA: F Dedicated ≠ F Agile 
W = 203,500 0,386 
Improve 
Flexibility 
H0: F No = F Yes 
HA: F No ≠ F Yes 
W = 77,500 0,091 
AM 
Implementation 
H0: F No = F Yes 
HA: F No ≠ F Yes 
W = 110,500 0,048 
PM Approach 
H0: F Predictive = F Iterative= F Incremental= F Agile 
HA: At least one of the populations tends 
to yield larger observations than at least 
one of the other populations 
χ 22 = 2,572 0,462 
 
It is not statistically possible to state that the “Manufacturing system” has an 
association with the “Company’s degree of change” (W = 203,500; p = 0,386). Despite 
the observed differences between the respondents, who state that the company has 
agile systems (n=38), and those who say that has dedicated systems (n=9), as depicted 
in Fig. 37. 
 
The same happens with the variable “Improve flexibility” (W = 77,500; p = 0,091), that 
does not have an association with the “Company’s degree of change” (W = 77,500; p = 
0,091). Despite the notable differences between the companies that intend to improve 
flexibility (n=45), in relation to the others (n=2), as represented in Fig. 38. 
Also, the “PM approach” does not have an association with the “Company’s degree of 
change” (Χ22 = 2,572; p = 0,462). Even though some notable differences in the 
company’s degree of change, according to their PM approach, are visible and 
represented in Fig. 39.  
However, there seems to be an association (W = 110,500; p = 0,048) between the “AM 
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Fig. 38 – Bar chart representing the company’s degree of change according to the need of improve flexibility 
Fig. 40 - Bar chart representing the company’s degree of change according to the AM 
implementation 
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It is possible to state that the companies that have agile methods implemented, also 
have a higher degree of change. 
 
3.2.11 Investigation Hypothesis 4 
 
This hypothesis seeks to observe if the “APM culture” influences the implementation 
of AM through “Institutional barriers”: 
 
H0: APM culture does not influence the AM implementation. 
Vs 
HA: APM culture influences the AM implementation. 
 
The Kruskal-Wallis test was performed in order to evaluate the hypothesis, and the 
results are displayed in Table 34. 
 
Table 34 - Test results for Hypothesis 4 
Variables Test Hypotheses Test Statistic p-value 
APM Culture 
H0: F(x1) = F(x2) = … = F(x4) 
HA: At least one of the populations tends 
to yield larger observations than at least 
one of the other populations 
χ 22 = 0,438 0.932 
 
It was verified that, at a significance level of 5%, there is no statistical evidence to state 
that “APM culture” influences the AM implementation through “Institutional barriers” 
(Χ22 = 0,438; p = 0,932). 
 
3.2.12 Investigation Hypothesis 5 
 
To comprehend if the companies’ criteria for products and projects affect the AM 
implementation:  
 
H0: The company criteria for product and project do not affect the AM 
implementation. 
Vs 
HA: The company criteria for product and project affect the AM implementation. 
 
They were selected two criteria to be analyzed as “Improvement of internal 
communication”, and “Follows the customer requirements”, as well as their influence 
on the “Organizational”, “Market and supply chain” barriers, respectively. The applied 
tests were Spearman’s correlation, and Mann-Whitney, being the results displayed in 
Table 35. 
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With the applied tests, it is not possible to state, at a significance level of 5%, that the 
companies’ criteria for products (rs = 0,106; p = 0,478) and project (W = 202,000; p = 
0,759) affects the AM implementation. 
 




Test Statistic p-value 
Improvement of Internal Communication 
H0: 𝜌 = 0  
HA: 𝜌 ≠ 0 
rs = 0,106 0,478 
Follows the Customer Requirements 
H0: F No = F Yes 
HA: F No ≠ F Yes 
W = 202,000 0,759 
 
3.2.13 Investigation Hypothesis 6 
 
This hypothesis expects to understand if the “Minimum qualification” necessary for 
the PM team, influences the “knowledge of AM” and its implementation: 
 
H0: The minimum qualification for the PM team does not influence the knowledge of 
AM and its implementation. 
Vs 
HA: The minimum qualification for the PM team influences the knowledge of AM and 
its implementation. 
 
The dependent variables to analyze are the “Knowledge and technology” barrier, as 
well as the “AM knowledge”, resulting in the Kruskal-Wallis and Chi-square tests, 
respectively. For the second hypothesis test, a Chi-square test for each agile technique 
presented in the questionnaire was carried out, in a total of nine.  The results are 
presented in Table 36. 
 
In none of the performed tests was possible to statistically state that, the “Minimum 
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Table 36 - Test results for Hypothesis 6 






H0: F(x1) = F(x2) = … = F(x5) 
HA: At least one of the populations tends to 
yield larger observations than at least one of 
the other populations 
χ 22 = 1,751 0,417 
H0: The minimum qualification, and the 
knowledge of sprint iteration are 
independents 
HA: The minimum qualification, and the 
knowledge of sprint iteration are not 
independents 
… 
(the same for each agile technique) 
χ 2 = 6,012 
χ 2 = 5,416 
χ 2 = 3,373 
χ 2 = 9,431 
χ 2 = 3,075 
χ 2 = 7,072 
χ 2 = 7,996 
χ 2 = 3,954 











3.2.14 Investigation Hypothesis 7 
 
In order to evaluate if the “Degree of management involvement” affects the 
implementation of AM, hypothesis 7 was investigated: 
 
H0: The improper competency management does not affect AM implementation. 
Vs 
HA: The improper competency management affects the AM implementation. 
 
The spearmen’s correlation was studied for each dependent variable (“Organizational 
culture” and “Knowledge and technology”) to analyze, and the results are represented 
in Table 37. 
 
Table 37 - Test results for Hypothesis 7 




Improper Competency Management 
H0: 𝜌 = 0  
HA: 𝜌 ≠ 0 
rs =0,465 0,001 
H0: 𝜌 = 0  
HA: 𝜌 ≠ 0 
rs = 0,450 0,002 
 
It is possible to observe that “Improper competency management” has a positive 
correlation with the “Organizational culture” barrier (rs =0,465; p = 0,001), as well as 
the “Knowledge and technology” barrier (rs = 0,450; p = 0,002). For that reason, it is 
possible to state that “Improper competency management” affects the AM 
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implementation through both “Organizational culture” and “Knowledge and 
technology” barriers. 
 
3.2.15 Investigation Hypothesis 8 
 
The eight hypothesis aims to investigate if the companies with certified persons in 
APM, has an association with the “Companies’ degree of change”: 
 
H0: The APM certification does not have an association with the company’s degree of 
change. 
Vs 
HA: The APM certification has an association with the company’s degree of change. 
 
The Mann-Whitney test was applied, displaying the results in Table 38. 
 
Table 38 - Test results for Hypothesis 8 
Variables Test Hypotheses Test Statistic p-value 
APM Certification 
H0: F No = F Yes 
HA: F No ≠ F Yes 
W = 203,000 0,396 
 
There is no statistical evidence able to confirm, that the companies investing in 
certified agile project managers have an association with the “Companies’ degree of 
change” (W = 203,000; p = 0,396). 
 
3.2.16 Investigation Hypothesis 9 
 
The penultimate hypothesis emerges intending to understand if the “Change 
predisposition” influences the AM implementation: 
 
H0: The change predisposition does not influence the AM implementation. 
Vs 
HA: The change predisposition influences the AM implementation. 
 
The performed Spearmen’s correlation evaluates the correlation between the “Change 
predisposition”, and the “No obligation” barrier, both fitting in the “Institutional” 
barrier category, and resulting in the values presented in Table 39. 
 
Table 39 - Test results for Hypothesis 9 





H0: 𝜌 = 0  
HA: 𝜌 ≠ 0 
rs =0,373 0,010 
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There is statistic evidence (rs =0,373; p = 0.010) to state that the “Change 
predisposition” influences the AM implementation, since it is correlated to the “No 
obligation” barrier. Besides these variables being correlated, they fit into the 
“Institutional” barrier, thus it is possible to state that the “Institutional” barrier has 
influence in the AM implementation. 
 
3.2.17 Investigation Hypothesis 10 
 
Intending to verify if the “Absence of immediate quantifiable benefits” influences the 
AM implementation, hypothesis 10 was investigated: 
 
H0: The absence of immediate quantifiable benefits does not influence the AM 
implementation. 
Vs 
HA: The absence of immediate quantifiable benefits influences the AM 
implementation. 
 
It was performed the Spearmen’s correlation, trying to understand if there is an 
association between the “Absence of immediate quantifiable benefits,” and the “Lack 
of financial support” barrier, both fitting in the “Financial” barrier category, resulting in 
the values represented in Table 40. 
 
Table 40 - Test results for Hypothesis 10 




Absence of Immediate Quantifiable 
Benefits 
H0: 𝜌 = 0  
HA: 𝜌 ≠ 0 
rs =0,380 0,009 
 
There is statistic evidence (rs =0,380; p = 0.009) to state that, the “Absence of 
immediate quantifiable benefits” influences the AM implementation since it can be 
correlated to the “Lack of financial support” barrier. Other than these variables be 
associated, they fit into the “Financial” barrier, thus it is possible to state that the 
“Financial” barrier has influence in the AM implementation. 
 
3.2.18 Coherence Verification 
 
In order to assess the answers' coherence, some questions were selected to analyze 
the crosstabulation between variables through Cohen’s Kappa. The Kappa value is the 
proportion of agreement over and above chance agreement, and can range from 
minus one to one, meaning no agreement and perfect agreement, respectively.   
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In Table 41, the selected variables are represented, as well as the respective questions, 
the Kappa value, and the significance value.  
 








Lack of Knowledge 
and Skills 












Staff Not Prepared 
to AM 
35 0,243 0,000 
It is not 




able to apply AM 
35 0,532 0,000 
 
It was possible to verify that the coherence among the answers varies between fair 
and moderate agreement, with a kappa value statistically significantly different from 
zero. The obtained Kappa values are low, demonstrating that, in a general way and as 
expected, the consistency of the obtained data is relatively reduced. Nonetheless, the 
Cohen’s kappa is usually applied to compare the agreement between two 
observations, whereby in a sample of this size, 47 observations, a high degree of 
agreement between answers was not expected. 
 
3.3 CRITICAL ANALYSIS OF RESULTS 
 
After performed the statistical analysis that addresses all the specific questions and 
objectives, it is possible to analyze and comment the above-referenced results. 
 
It was possible to conclude that the “Production type” influences the implementation 
of AM. The companies with a continuous process or another production type, seem to 
experiment fewer impediments, from an organizational perspective, regarding the 
application of AM. This could mean that if the product manufacturing is divided into 
processes, simplifies the organizational interactions, and the complexity of the 
production process. In contrast, the batch type revealed statistical differences 
between the other groups that, despite allows changes or modifications between 
batches or during the manufacturing process, requires more planning, scheduling and 
control over the process, as collecting data, increasing the process complexity. Also, it 
is performed one step at a time on multiple items, which can be a disadvantage if the 
product requirements are constantly changing. As a result, the organizations applying 
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this production type could face “Organizational barriers” in the AM implementation 
due to its higher complexity. 
 
Additionally, it was verified that the companies that have procedures using agile 
techniques have an association with the “Companies’ degree of change”. In fact, it was 
noticed that the “Companies’ degree of change” tends to be higher with the 
“Implementation of agile methods”. This confirms that organizations with high levels 
of change have the need to resort to AM.  
 
Moreover, it was observed that the variable “Improper competency management” is 
related to the variables “Organizational culture”, as well as “Knowledge and 
technology”, that is, the first one affects the implementation of AM. This influence 
could derive either from lack of management involvement, from an organizational 
perspective, or due to lack of expertise and skills from the managers, from the 
knowledge and technology perspective. 
 
Furthermore, it was corroborated the existence of “Institutional barriers” for the AM 
implementation in the companies, through the correlation between the “Change 
predisposition” and “No obligation” variables since they fit in the “Institutional” barrier 
category. It can be observed that one of the biggest challenges in the application of 
AM, is the resistance from society and its aversion to change. 
 
Also, it was detected that the “Absence of immediate quantifiable benefits” influences 
the AM implementation through the “Lack of financial support” barrier. Other than 
these variables are correlated, they also fit in the “Financial” barrier category, being 
feasible the presence and influence of financial factors that prevent the AM 
implementation. 
 
The barriers categories, such as “Organizational”, “Knowledge and technology”, 
“Institutional”, and “Financial”, were applied in this study once they are able to cover 
practically all the barriers explored in other sectors. These exact barriers categories 
were found in the study [48], considering the implementation of CBM. All the other 
barriers found in agile software development, lean and cleaner production, as well as 
agile manufacturing can be incorporated into those categories. For instance, in survey 
[45], the barriers “Management support”, “Lack of experience”, “Resistance to 
change”, and “Budget constraint” were identified in the IT field, corresponding to the 
barriers categories above-mentioned, respectively. Also, study [55] analyzes barriers in 
the implementation of agile manufacturing, such as “Lack of management 
commitment”, “Lack of training and education”, “Fear and resistance to change”, and 
“Financial constraints”, which also comprise the applied barriers categories in this 
work. 
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Finally, and with the intention of verifying the responses coherence by the 
respondents, some questions where the answers must match, were examined. It was 
noticed a coherence between fair and moderate agreement among the answers, 
demonstrating that, in a general way and as expected, the consistency of the obtained 
data is relatively reduced. It is worth to mention that, the Cohen’s kappa is usually 
applied to compare the agreement between two observations, whereby in a sample of 
this size, 47 observations, a high degree of agreement between answers was not 
expected.  
 
3.4 COMPARISON WITH BARRIERS OBSERVED IN OTHER INDUSTRIES 
 
All of the barriers found in the literature, regarding the implementation of lean and/or 
agile methodologies, apart from some differences between sectors, meet the 
categories employed in this study, being them the “Financial”, “Organizational”, 
“Knowledge and technology”, “Market and supply chain”, and “Institutional” barriers. 
Then, some of the more specific barriers between sectors were applied in this survey, 
taking into account the most common ones, and those that better fit the AI.  
 
In this survey, all of the barriers’ categories defined initially were verified. However, 
the descriptive analysis of the data is not enough to conclude about the population, in 
this case, the Portuguese AI. Therefore, through statistical inference, it was possible to 
conclude about the expected barriers in the AI sector, and still which variables have a 
direct influence on them.  
 
Across this study, it was possible to identify “Financial”, “Organizational”, “Knowledge 
and technology”, and “Institutional” barriers in the implementation of AM. However, 
the “Market and supply chain” barrier was not stated through the performed statistical 
tests, despite the high level of exportation, and the imposed requirements from OEMs, 
for more than 80% of the companies, reveal a high external dependence of the 
companies from the market and supply chain perspective.  
 
The specific variables found, with influence in the implementation of AM in AI were 
the production type, particularly “Batch production”, “Organizational culture”, 
“Companies’ degree of change”, “Improper competency management”, “Change 
predisposition”, “No obligation”, “Absence of immediate quantifiable benefits” and 
“Lack of financial support”.  
 
Additionally, the respondents referred two more impediments in the AM 
implementation, and are represented in Table 42, as well as the comparison of barriers 
identified in the literature with the new findings. 
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Detected barriers with 
influence on AM 
implementation in AI 
Barriers referred by 
the respondents 
Financial ✓ 
• Absence of Immediate 
Quantifiable Benefits 
• Lack of Financial Support 
 
Organizational ✓ 
• Production Type 
• Organizational Culture 












   
Institutional ✓ 
• Change Predisposition 
• No Obligation 
• Lack of Collective 
Motivation 
 
3.5 RECOMMENDATIONS TO OVERCOME THE IDENTIFIED BARRIERS 
 
After the analysis and comprehension of the results obtained with this survey, along 
with the extensive literature review previously performed, some recommendations 
and enablers could be named to overcome the identified barriers, and improve the 
effectiveness of AM. 
Starting with the “Organizational barrier”, influenced by the “Production type” applied 
in the product manufacturing, and assuming that the type of production is the most 
suitable to the characteristics of the product, it is not a factor that can be changed 
once is rooted in the company. However, the differences between the production 
types could bring different advantages and challenges as well. In the case of batch 
production, it turns out to be a process with higher complexity that requires more 
planning, scheduling and control, as collecting data. This complexity along with a 
constantly changing environment, if it is not overcome with knowledge skills, 
technological capacity, a strong level of intercommunication and tune by those 
involved, can create great organizational obstacles. 
Regarding the “Companies’ degree of change”, the best approach to take is APM since 
it focuses on agility, adaptation, response to unpredictable changes, continuous 
improvement and innovation, as quality and reliable results. It is necessary that an 
industry characterized by an intrinsic rigid, predictable, and stable architectures, 
rapidly adapt to the new requirements of society and constantly changing 
environments. 
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Another identified barrier was “Improper competency management”, having influence 
in both “Organizational”, “Knowledge and technological” aspects. Build closer 
relationships as strong management support are crucial to prevent the lack of 
management involvement, from an organizational perspective, and encourage the 
education and training to guarantee a skilled and competent staff with a clear 
understanding of the agile objectives, from a knowledge and technology perspective. 
Perhaps one of the most difficult barriers to overcome is the “Institutional” aspect, 
which entails change predisposition, no obligation thinking, resistance from society, 
and aversion to change. It is vital that the company and all the involved willing to 
adopt AM, embracing a friendly-agile organization, and team environment philosophy 
with ambition and motivation. This cultural change is mandatory to increase the 
liveness of companies. 
Considering the “Financial” aspect, there is no formula to comprehend the economic 
advantages of adopting AM. Nevertheless, the APM intends to reduce the impact of 
unpredictable changes, improve time-to-market, respond and adapt to complexity, 
and focus on customer satisfaction. Those should be deemed as values aiming to 
achieve a competitive advantage. This must overcome the initial investment necessary 
for staff education and training, as well as all the psychological and organizational 
changes required. 
In Table 43 are described all the recommendations and enablers previously mentioned, 
with the intention of simplifying the picture of the suggestions for each barrier 
category.   
Table 43 - Enablers and recommendations for AM implementation 
Barriers 
Categories 
Recommendations and Enablers 
Financial 
Agile values are the input to achieve competitive advantage: reduce 
the impact of unpredictable changes, improve time-to-market, 
respond and adapt to complexity, focus on the customer, etc.  
Organizational 
Knowledge and technological skills to deal with high complexity 
organizational challenges, build closer relationships as a strong level 




Education and training to guarantee a skilled and competent staff 
with a clear understanding of the agile objectives 
Institutional 
Company and all the involved willing to adopt AM, embracing a 
friendly-agile organization and team environment philosophy with 
ambition and motivation. Cultural change is mandatory to increase 
the liveness of companies 
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Moreover, in chapter 2.2.5.3 was mentioned the study [58] that addresses the use of 
APM in manufacturing. The paper proposes a team to deal with APM (AGILE team) and 
a communicational workflow, in order to improve the agile manufacturing 
performance. The deployment of a team specifically dedicated to APM could be a 
massive enabler from an “Organizational”, and “Knowledge and technology” 
perspective. Firstly, because this team is in charge of complex organizational 
communications, since the client makes a request until it is successfully approved, 
drastically improving the organizational dynamism. Then, because the required 
knowledge for APM implementation is granted through a skilled team with different 
persons assuming different roles, being uniquely dedicated to this process. 
Thus, considering all these recommendations and enablers, it was possible to 
sequence and represent them in a flowchart, having as an output an effective 
implementation of AM.  
Initially, and to overcome the “Institutional” barrier, it is vital that the company and all 
the involved have the necessary willingness and predisposition to adopt AM.  
Then, agile values should be deemed as the input to achieve competitive advantage, 
and overcome the “Financial” barrier.  
Subsequently, an initial investment is necessary to achieve the next step, the 
deployment of an agile team with highly skilled collaborators. The agile team should 
develop frameworks and workflows according to each company's characteristics and 
environment, in order to drastically improve the “Organizational” and “Knowledge and 
technology” aspects. 
As a result, an effective AM implementation could be achieved, being the respective 
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Fig. 41 - Flowchart to improve AM 
implementation effectiveness 
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4.1 DRAWN CONCLUSIONS 
 
This study emerged with the purpose of identifying barriers in the implementation of 
Agile Methodologies in the Portuguese Automotive Industry.  
 
Initially, an extensive literature review was performed in order to increase the 
knowledge about the subject, to understand what has been studied in the field, and 
what can be added to the literature. This acquisition of background knowledge is vital 
to apply and adapt it to the required objectives, as well as a contribution to all the 
achieved results and subsequent conclusions. The bibliographic work includes a 
characterization of AI and its manufacturing processes, the concept of Project 
Management and its evolving approaches, and finally, the barriers and enablers found 
in the implementation of Agile Methodologies in different sectors.  
 
In order to accomplish the proposed main objective referenced above, and taking into 
account the second phase of this work, a questionnaire was developed and distributed 
to about 140 automotive manufacturing companies, in a population of 240, whereby 
56 answers were obtained. Specific questions and hypotheses were formulated, to 
posteriorly investigate them after obtaining the data. This investigation was performed 
through statistical analysis, incorporating descriptive statistics and statistical inference. 
The first one allowed an easy perception of the companies' and respondent's 
characteristics, the APM environment, and predisposition to AM implementation, 
while the second permitted to analyze the relationship between variables, and 
extrapolate the results to the population.  
 
It was verified that almost 85% of the respondents are familiar with APM and near 80% 
belong to departments of interest for this study. The companies are located in the 
north and center region, 70% of them are large companies, and have high levels of 
external dependence since they claim high levels of exportation (>75%), as well as 
imposed requirements from abroad, 89% and 83% respectively. The majority of the 
companies manufacture under a mass production type, however, almost 25% present 
a batch production type which leads to a significant influence in the AM 
implementation, identifying the “Production type” as an “Organizational” barrier. 62% 
of the companies claim to experiment changes in the production process mainly 
intending to “Increase production” and “Reduce costs”, and 93% feel the necessity to 
“Improve flexibility” despite 80% have agile manufacturing systems. Considering the 
companies’ quality concerns, the most selected is “Customer satisfaction”, which is a 
crucial feature in the implementation of an agile methodology. Though, the 
“Improvement of internal communication” does not seem to be an important aspect 
from the respondent’s point of view. Regarding the project and product development 
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process, only 8% of the companies are still employing predictive approaches, and the 
main criteria are “Functionality”, “Cost”, “Quality” and “Follows the customer 
requirements”. Taking into account the production and project changes, it was 
computed the “Companies’ degree of change”, and verified that this variable has a 
relation with the AM implementation in the sense that the organizations with high 
levels of change have the need to resort AM. Concerning the APM environment in the 
companies, only 9% have no interest in implementing APM, and 70% are already 
applying agile methods. Although companies seem to be predisposed to AM, maybe 
they are not taking the necessary effort since 65% of them have a degree as a 
minimum qualification, 20% have secondary education, and 70% of them do not have 
certified agile project managers. These qualifications may be enough to apply one or 
other agile tool, but insufficient to apply a fully agile approach, since high skilled 
collaborators with special knowledge in the field are required. The barriers with the 
main influence in the AM implementation from the respondents’ point of view are 
“Organizational culture” and “Knowledge and technology”, and 61% of them say that 
the main barriers’ source is solely internal.  
 
They were found “Organizational”, and “Knowledge and technology” barriers in AI, 
through the factor “Improper competency management”. Despite around 85% of the 
respondents claim that the management involvement is between highly and extremely 
involved, it was verified that the “Improper competency management” affects the AM 
implementation in an organizational way, possibly due to the “Lack of management 
involvement” percentage. The same factor is related to the “Knowledge and 
technology” barrier, demonstrating that the lack of expertise and skills from the 
managers could be present. Although companies seem predisposed to AM it was 
corroborated the existence of “Institutional” barriers for the AM implementation in 
the AI, through the aspect “Change predisposition”, and its correlation with the “No 
obligation” barrier. The resistance from society and aversion to change, although not 
visible at first sight, was recognized through statistical inference. The same happened 
with the “Lack of financial support” that was not significantly selected by the 
respondents as a barrier category, however, it was found a relation between the 
aspect “Absence of immediate quantifiable benefits” with the “Lack of financial 
support” barrier. These variables fit in the “Financial” barrier category, being feasible 
the presence and influence of financial factors that prevent the AM implementation. 
The respondents evaluated the difficulty in implementing AM, and 90% of them 
consider a difficulty between moderate and extremely difficult, referring two barriers 
not presented in the questionnaire, being them “Certification procedures” and “Lack of 
collective motivation”. They also consider that the main enablers for AM 
implementation are “Organizational support” and “Investment in training”, being in 
accordance with the two main barriers selected, “Organizational culture” and 
“Knowledge and technology”. 
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Recommendations to overcome the identified barriers were presented, and a 
framework that sequence these recommendations was developed, in order to achieve 
an effective AM implementation. It starts with the willingness of the company and all 
the involved people to adopt AM, looking for the agile values as an input to achieve 
competitive advantage, followed by an initial investment. The initial investment 
intends to attain the deployment of an agile team, which is composed by highly skilled 
collaborators with a clear understanding of the agile objectives. This team should work 
and develop frameworks and workflows, according to each company's characteristics 
and environment. 
 
In this way, all the objectives initially defined (chapter 1.2) have been met, as well as 
all the specific questions formulated (chapter 3.1.1) were addressed. 
 
4.2 STUDY LIMITATIONS 
 
One of the main limitations of this study was the obtained sample size, despite being 
significantly relevant, taking into account the size of the population, and in comparison 
with other relevant studies, hindered the statistical inference and, consequently, the 
extrapolation of the results to the Portuguese AI. 
 
4.3 OUTLOOK FOR FUTURE WORKS 
 
Regarding future works, it would be interesting to increase the sample size, collecting 
more data from the automotive manufactures, and perhaps, obtain different results 
for the hypotheses tested, and also find correlations that were not possible in this 
study. It would be of greater interest, investigate the relation of the automotive 
companies with OEMs, as well as its influence on the companies’ procedures, thus 
comprehending the impact of “Market and supply chain” factor in the implementation 
of AM. 
It is also important to increase the literature background regarding the APM in AI, once 
it is one of the biggest contributions for the global economy, and requires the rapid 
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,QVWLWXWR6XSHULRUGH(QJHQKDULDGR3RUWR
5XD'U$QWyQLR%HUQDUGLQRGH$OPHLGD 3RUWR
7HOI
(PDLOOPW#LVHSLSSSW
Ğ͗ &ƌĂŶĐŝƐĐŽ:͘'͘^ŝůǀĂ
ŶǀŝĂĚŽ͗ ϮϯĚĞŵĂƌĕŽĚĞϮϬϮϬϮϯ͗ϭϯ
Đ͗ ĂŶŝĞů^ŽĂƌĞƐ;ϭϭϯϬϰϴϮͿфϭϭϯϬϰϴϮΛŝƐĞƉ͘ŝƉƉ͘Ɖƚх
ƐƐƵŶƚŽ͗ WĞĚŝĚŽĚĞĂũƵĚĂƉĂƌĂǀĂůŝĚĂĕĆŽĚĞŝŶƋƵĠƌŝƚŽ;ĚŝƐƐĞƌƚĂĕĆŽĚĞŵĞƐƚƌĂĚŽͿ͘
ĂƌŽƐŽůĞŐĂƐ͕
dĞŶŚŽƵŵĞƐƚƵĚĂŶƚĞĂĨĂǌĞƌƵŵĂĚŝƐƐĞƌƚĂĕĆŽĚĞŵĞƐƚƌĂĚŽƐŽďƌĞΗĂƌƌĞŝƌĂƐăĂƉůŝĐĂĕĆŽĚĞ
ŵĞƚŽĚŽůŽŐŝĂƐĄŐĞŝƐŶĂ'ĞƐƚĆŽĚĞWƌŽũĞĐƚŽƐŶŽƐĞĐƚŽƌĂƵƚŽŵſǀĞůΗ͘
Ğ͗>ƵşƐĂ,ŽĨĨďĂƵĞƌ
ŶǀŝĂĚŽ͗ϯϭĚĞŵĂƌĕŽĚĞϮϬϮϬϭϱ͗ϭϮ
WĂƌĂ͗&ƌĂŶĐŝƐĐŽ:͘'͘^ŝůǀĂ
Đ͗ĂŶŝĞů^ŽĂƌĞƐ;ϭϭϯϬϰϴϮͿ
ƐƐƵŶƚŽ͗Z͗WĞĚŝĚŽƵƌŐĞŶƚĞĚĞǀĂůŝĚĂĕĆŽĚĞƵŵŝŶƋƵĠƌŝƚŽ;ĞŵƚĞƌŵŽƐĚĞƚƌĂƚĂŵĞŶƚŽĚĞĚĂĚŽƐĞ
ĂŶĄůŝƐĞĞƐƚĂƚşƐƚŝĐĂͿ͘
YƵĞƐƚƁĞƐĐŽůŽĐĂĚĂƐ͗
ϭ͘EĂƋƵĞƐƚĆŽ͞sŽůƵŵĞĚĞǆƉŽƌƚĂĕĆŽ͍͕͟фсϮϱйŝŶĐůƵŝŽϬ͕ƉĞůŽƋƵĞƐƵŐŝƌŽĂƐĞŐƵŶĚĂ
ŽƉĕĆŽƐĞƌ͞хϬйĞфсϮϱй͟
Ϯ͘ƐƋƵĞƐƚƁĞƐ͞YƵĂůŽƵƋƵĂŝƐŽƐƉƌŽƉſƐŝƚŽƐĚĞƐƚĂƐŵƵĚĂŶĕĂƐ͍͟Ğ͞YƵĂůĂŝŶĨůƵġŶĐŝĂ
ĚĞƐƚĂƐŵƵĚĂŶĕĂƐŶĂƉƌŽĚƵƚŝǀŝĚĂĚĞ͍͟ƐſƉŽĚĞŵƐĞƌƌĞƐƉŽŶĚŝĚĂƐƉŽƌƋƵĞŵŶĆŽƌĞƐƉŽŶĚĞƵ
͞ϭ͟ŶĂƋƵĞƐƚĆŽ͞ǀĂůŝĞ͕ŶƵŵĂĞƐĐĂůĂĚĞϭĂϲ͕ĂŽĐŽƌƌġŶĐŝĂĚĞŵƵĚĂŶĕĂƐŶĂŵƉƌĞƐĂŶŽƐ
ƷůƚŝŵŽƐϯĂŶŽƐ͕ƌĞůĂƚŝǀĂŵĞŶƚĞĂŽƉƌŽĐĞƐƐŽƉƌŽĚƵƚŝǀŽ͕͟ƉĞůŽƋƵĞĞƐƚĂƐƋƵĞƐƚƁĞƐĚĞǀĞƌŝĂŵ
ƐĞƌƌĞĨŽƌŵƵůĂĚĂƐ͘
ϯ͘EĂƋƵĞƐƚĆŽ͞EŽƋƵĞĚŝǌƌĞƐƉĞŝƚŽĂŽĚĞƐĞŶǀŽůǀŝŵĞŶƚŽĚŽƉƌŽĚƵƚŽ͕͘͘͘͞ĂŝŶƚƌŽĚƵĕĆŽĚĂ
ŽƉĕĆŽ͞ŵƉƌĞƐĂƉƌŽĚƵǌĚĞĂĐŽƌĚŽĐŽŵŽƐƌĞƋƵŝƐŝƚŽƐĚŽĐůŝĞŶƚĞ͟ĨĂǌĐŽŵƋƵĞĂƐŽƉĕƁĞƐ
ŶĆŽƐĞũĂŵŵƵƚƵĂŵĞŶƚĞĞǆĐůƵƐŝǀĂƐ͘
ϰ͘dĞŶŚŽĚƷǀŝĚĂƐŶĂĨŽƌŵƵůĂĕĆŽĚĞƋƵĞĂƐŽƉĕƁĞƐ͞ƐƚĄĂŝŵƉůĞŵĞŶƚĂƌDĞƚŽĚŽůŽŐŝĂƐ
ŐĞŝƐ͟Ğ͞ŽůŽĐĂĂ&ŝůŽƐŽĨŝĂŐŝůĐŽŵŽƉƌŝŽƌŝĚĂĚĞ͟ƐĞũĂŵŵƵƚƵĂŵĞŶƚĞĞǆĐůƵƐŝǀĂƐĞ
ƚƌĂĚƵǌĂŵĂŐƌĂĚĂĕĆŽƉƌĞƚĞŶĚŝĚĂ͘YƵĞƌŽƌĚĞŶĂƌͲƐĞĂƉƌŝŽƌŝĚĂĚĞĂƚƌŝďƵşĚĂŽƵŽŐƌĂƵĚĞ
ŝŵƉůĞŵĞŶƚĂĕĆŽ͍
ϱ͘EĂƋƵĞƐƚĆŽ͞YƵĂŶƚĂƐƉĞƐƐŽĂƐƉĞƌƚĞŶĐĞŵăĞƋƵŝƉĂĚĞWƌŽũĞƚŽĞĚĞƐĞŶǀŽůǀŝŵĞŶƚŽĚĞ
ƉƌŽĚƵƚŽ͍͕͟ƋƵĂůŽƐŝŐŶŝĨŝĐĂĚŽĚĂŽƉĕĆŽ͞KƵƚƌĂ͍͟
EŽƚĂďŝŽŐƌĄĨŝĐĂ͗
>ŝĐĞŶĐŝĂƚƵƌĂĞŵDĂƚĞŵĄƚŝĐĂƉůŝĐĂĚĂƉĞůĂ&hW͘ DĞƐƚƌĂĚŽĞŵDĂƚĞŵĄƚŝĐĂƉůŝĐĂĚĂĐŽŵ
ĚŝƐƐĞƌƚĂĕĆŽŶĂĄƌĞĂĚĞWƌŽďĂďŝůŝĚĂĚĞƐĞƐƚĂƚşƐƚŝĐĂƉĞůĂ&hW͘ŽƵƚŽƌĂŵĞŶƚŽĞŵ
DĂƚĞŵĄƚŝĐĂƉůŝĐĂĚĂƉĞůĂ&hW͘
>ĞĐŝŽŶĂ͕ĚĞƐĚĞϭϵϵϭ͕ĚŝƐĐŝƉůŝŶĂƐŶĂĄƌĞĂĚĂƐƚĂƚşƐƚŝĐĂŶŽ/^W͕ŽŶĚĞĠWƌŽĨĞƐƐŽƌĂĚũƵŶƚĂ͘
>ĞĐŝŽŶŽƵ͕ĂƚƌĂǀĠƐĚĂƐƐŽĐŝĂĕĆŽƉĂƌĂŽĞƐĞŶǀŽůǀŝŵĞŶƚŽĞ/ŶŽǀĂĕĆŽdĞĐŶŽůſŐŝĐĂ
;/dͿ͕ŽŵſĚƵůŽĚĞƐƚĂƚşƐƚŝĐĂĞ&ŝĂďŝůŝĚĂĚĞĞŵĚĞǌĐƵƌƐŽƐĚĞWſƐͲŐƌĂĚƵĂĕĆŽĞŵ
,ŝŐŝĞŶĞĞ^ĞŐƵƌĂŶĕĂŶŽdƌĂďĂůŚŽ͘DŝŶŝƐƚƌŽƵƐĞƚĞĞĚŝĕƁĞƐĚŽƵƌƐŽĚĞƐƉĞĐŝĂůŝǌĂĕĆŽĞŵ
ŶĄůŝƐĞYƵĂŶƚŝƚĂƚŝǀĂĚĞĂĚŽƐĞŵ^W^^ĞŶƚƌĞϮϬϭϮĞϮϬϭϵ͘
DĞŵďƌŽĨƵŶĚĂĚŽƌʹ ĐŽŵ^ĂŶĚƌĂZĂŵŽƐͲ ĚŽ'ƌƵƉŽĚĞŽŶƐƵůƚŽƌŝĂĞŵƐƚĂƚşƐƚŝĐĂ͕Ğŵ
ϮϬϭϰ͘ĨŝŶĂůŝĚĂĚĞĚĞƐƚĞŐƌƵƉŽĠƉƌĞƐƚĂƌĂƉŽŝŽĞƐƚĂƚşƐƚŝĐŽŶĂĂŶĄůŝƐĞĚĞĚĂĚŽƐĞŵƉƌŽũĞƚŽƐ
ĚĞ/Θ͘
DĞŵďƌŽĚĂŽŵŝƐƐĆŽKƌŐĂŶŝǌĂĚŽƌĂĚŽyy/sĐŽŶŐƌĞƐƐŽĚĂ^ŽĐŝĞĚĂĚĞWŽƌƚƵŐƵĞƐĂĚĞ
ƐƚĂƚşƐƚŝĐĂ͘
dĞŵƚƌĂďĂůŚŽƐƉƵďůŝĐĂĚŽƐŶĂĄƌĞĂĚĞDĞĐąŶŝĐĂWƌŽďĂďŝůşƐƚŝĐĂ͘
Ğ͗WĂƵůŽ:ŽƌŐĞ>ŽƵƌĞŶĕŽ&ĞƌƌĞŝƌĂĂ^ŝůǀĂ
ŶǀŝĂĚŽ͗ϮϲĚĞŵĂƌĕŽĚĞϮϬϮϬϮϯ͗Ϭϰ
WĂƌĂ͗&ƌĂŶĐŝƐĐŽ:͘'͘^ŝůǀĂ
Đ͗ĂŶŝĞů^ŽĂƌĞƐ;ϭϭϯϬϰϴϮͿ
ƐƐƵŶƚŽ͗Z͗WĞĚŝĚŽĚĞĂũƵĚĂƉĂƌĂǀĂůŝĚĂĕĆŽĚĞŝŶƋƵĠƌŝƚŽ;ĚŝƐƐĞƌƚĂĕĆŽĚĞŵĞƐƚƌĂĚŽͿ͘
sŝǀĂ&ƌĂŶĐŝƐĐŽ͕
ŽŶĨŽƌŵĞƉĞĚŝĚŽĂŶĂůŝƐĞŝĂĨŽƌŵƵůĄƌŝŽĐƌŝĂĚŽƉĂƌĂĂĂǀĂůŝĂĕĆŽƉƌĞƚĞŶĚŝĚĂ͘
hŵĂĚĂƐĐŽŝƐĂƐƋƵĞŵĞĐŚĂŵŽƵĂĂƚĞŶĕĆŽĠĂƐŽůŝĐŝƚĂĕĆŽĚŽŶŽŵĞĚĂĞŵƉƌĞƐĂ͘
dĞŶĚŽĐŽŵŽďĂƐĞŽƚŝƉŽĚĞŝŶƋƵĠƌŝƚŽĞƌĞƐƉŽƐƚĂƐƉƌĞƚĞŶĚŝĚĂƐĞƵŶĆŽĐŽůŽĐĂƌŝĂĞƐƚĂƋƵĞƐƚĆŽĂŶĆŽ
ƐĞƌƋƵĞĂŵĞƐŵĂƐĞũĂĂďƐŽůƵƚĂŵĞŶƚĞĨƵŶĚĂŵĞŶƚĂůƉĂƌĂĂůŐƵŵĂĂŶĄůŝƐĞĞƐƉĞĐşĨŝĐĂ͘
EĂŵŝŶŚĂŽƉŝŶŝĆŽŽĨŽƌŵƵůĄƌŝŽĞƐƚĄďĞŵĞƐƚƌƵƚƵƌĂĚŽĞƉĞƌŵŝƚŝƌĄĐĂƌĂĐƚĞƌŝǌĂƌĞƌĞůĂĐŝŽŶĂƌ͕ĞŶƚƌĞ
ŽƵƚƌĂƐĐŽŝƐĂƐ͕ĂƐƉĞƐƐŽĂƐƋƵĞƌĞƐƉŽŶĚĞŵ͕ĞĚŝŵĞŶƐĆŽĚĂƐĞŵƉƌĞƐĂƐ͕ĐŽŵĂƉĞƌĐĞĕĆŽĚĂƌĞĂůŝĚĂĚĞ
ĚĞĐĂĚĂƵŵ͘
KƐĞŐƌĞĚŽĞƐƚĂƌĄŶĂŽďƚĞŶĕĆŽĚŽŵĂŝŽƌŶƷŵĞƌŽĚĞƌĞƐƉŽƐƚĂƐƉŽƐƐşǀĞůĞĚĞƉŽŝƐƚĞƌĂĐĂƉĂĐŝĚĂĚĞ
ĚĞĐŽŶƐĞŐƵŝƌƌĞůĂĐŝŽŶĂƌĞĐŽŶĐůƵŝƌƐŽďƌĞ ŽƐĚĂĚŽƐŽďƚŝĚŽƐ͘
^ĞƉŽƐƐşǀĞůŐŽƐƚĂƌŝĂ͕ĐŽŵŽĐƵůƚƵƌĂŐĞƌĂůĞƉĞƐƐŽĂů͕ƚĞƌĂĐĞƐƐŽĂŽŶƷŵĞƌŽĚĞƌĞƐƉŽƐƚĂƐĞăƐ
ĐŽŶĐůƵƐƁĞƐĨŝŶĂŝƐ͘
WŽƌƷůƚŝŵŽĞĚĞĨŽƌŵĂƌĞƐƵŵŝĚĂŝŶĚŝĐĂƌƋƵĞĨĂĕŽĂŐĞƐƚĆŽĚĞϱŝŶƐƚĂůĂĕƁĞƐĚĞĂƐƐŝƐƚġŶĐŝĂ
ĂƵƚŽŵſǀĞůŶĂŝƌĞĕĆŽEŽƌƚĞĚŽ'ƌƵƉŽŶƚƌĞƉŽƐƚŽƵƚŽƌĞƉƌĞƐĞŶƚĂŶĚŽĂƐŵĂƌĐĂƐ͗WĞƵŐĞŽƚ͕
ZĞŶĂƵůƚͬĄĐŝĂĞEŝƐƐĂŶ͘
^ŽƵƌĞƐƉŽŶƐĄǀĞůƉĞůĂŽƚŝŵŝǌĂĕĆŽĞĚŝŶĂŵŝǌĂĕĆŽĚŽƐĨůƵǆŽƐĚĞƚƌĂďĂůŚŽĚŝĄƌŝŽĐŽŵǀŝƐƚĂăŵĄǆŝŵĂ
ĨůĞǆŝďŝůŝǌĂĕĆŽĚŽƐƌĞĐƵƌƐŽƐŚƵŵĂŶŽƐĞŵĂƚĞƌŝĂŝƐŶĂŽďƚĞŶĕĆŽĚĂŵĞůŚŽƌƉƌŽĚƵƚŝǀŝĚĂĚĞĞĞĨŝĐŝġŶĐŝĂ
ĞŵĐĂĚĂŵŽŵĞŶƚŽ͘
ƐƚŽƵŶĞƐƚĞŵŽŵĞŶƚŽĂƉƌĞƉĂƌĂƌĂŝŵƉůĞŵĞŶƚĂĕĆŽĚĂƐŵĞƚŽĚŽůŽŐŝĂƐ<ĂŝǌĞŶŶĂĂƐƐŝƐƚġŶĐŝĂĂƉſƐͲ
ǀĞŶĚĂŶĂƐϮŝŶƐƚĂůĂĕƁĞƐƉƌŝŶĐŝƉĂŝƐĚŽŐƌƵƉŽŶŽŶŽƌƚĞĚŽƉĂşƐ͘
ƐƚĞƉƌŽũĞƚŽƚĞƌĄŽĂĐŽŵƉĂŶŚĂŵĞŶƚŽĚŽ<ĂŝǌĞŶ/ŶƐƚŝƚƵƚĞWŽƌƚƵŐĂůĞŵƉĂƌĐĞƌŝĂĐŽŵĂZĞŶĂƵůƚ
WŽƌƚƵŐƵĞƐĂ͘
ƵŵƉƌŝŵĞŶƚŽƐ͕
WĂƵůŽ:ŽƌŐĞ^ŝůǀĂ
Ğ͗ŵĂƌŝŽ͘ĐĂƌĚŽƐŽΛĨŝĐŽƐĂ͘ĐŽŵ
ŶǀŝĂĚŽ͗ϮϳĚĞŵĂƌĕŽĚĞϮϬϮϬϭϭ͗ϯϵ
WĂƌĂ͗ĨŐƐΛŝƐĞƉ͘ŝƉƉ͘Ɖƚ
Đ͗ĂŶŝĞů^ŽĂƌĞƐ;ϭϭϯϬϰϴϮͿ
ƐƐƵŶƚŽ͗ZĞ͗WĞĚŝĚŽĚĞĂũƵĚĂƉĂƌĂǀĂůŝĚĂĕĆŽĚĞŝŶƋƵĠƌŝƚŽ;ĚŝƐƐĞƌƚĂĕĆŽĚĞŵĞƐƚƌĂĚŽͿ;Ϯǐs/Ϳ͘
%RPGLD)UDQFLVFR
ŶĂůŝƐĞŝŽŝŶƋƵĠƌŝƚŽƐŽďƌĞΗĂƌƌĞŝƌĂƐăĂƉůŝĐĂĕĆŽĚĞŵĞƚŽĚŽůŽŐŝĂƐĄŐĞŝƐŶĂ'ĞƐƚĆŽĚĞ
WƌŽũĞĐƚŽƐŶŽƐĞĐƚŽƌĂƵƚŽŵſǀĞůΗĞĐŽŶƐŝĚĞƌŽƋƵĞŽŵĞƐŵŽĨŽĐĂĂƐƋƵĞƐƚƁĞƐŵĂŝƐ
ƉĞƌƚŝŶĞŶƚĞƐƌĞĨĞƌĞŶƚĞƐĂĞƐƐĂƚĞŵĄƚŝĐĂ͘
1D)LFRVDH[LVWHXPDIHUUDPHQWDHVSHFLILFDSDUDDJHVWmRGHSURMHFWRVFKDPDGD)'6 )LFRVD
'HYHORSPHQW6\VWHPTXHFRQWpPIDVHVTXHYDLGHVGHDIDVHGHRUQDPHQWDomRDWp IDVHTXHp
DYDOLGDomRGDOLQKDGHPRQWDJHP FRPDSURYDomRGHWRGRVRVGHSDUWDPHQWRV
$JHVWmRGHSURMHFWRVQRVHFWRUDXWRPyYHOpREULJDWyULDSDUDRVXFHVVRGRVSURMHFWRV
&XPSULPHQWRV%HVW5HJDUGV
0iULR6LOYD&DUGRVR
0DLQWHQDQFH0DQDJHU
),&2&$%/(632578*$/
$GGUHVV 5XDGR&DYDFR10DLD3RUWXJDO
0RELOH  ([W
PDULRFDUGRVR#ILFRVDFRP
ZZZILFRVDFRP
)ROORZXV
)URP IJV#LVHSLSSSW
7R
&F #LVHSLSSSW
'DWH 
6XEMHFW 3HGLGRGHDMXGDSDUDYDOLGDomRGHLQTXpULWRGLVVHUWDomRGHPHVWUDGR9,$
ĂƌŽƐŽůĞŐĂƐ͕
^ſƉĂƌĂƌĞůĞŵďƌĂƌŽƉĞĚŝĚŽƌĞĂůŝǌĂĚŽĂďĂŝǆŽ͘
ĂƐƚĂƋƵĞŵĞĞŶǀŝĞŵƵŵƚĞǆƚŽĐŽŶĨŽƌŵĞŝŶĚŝĐŽĂďĂŝǆŽ͗
ΗŶĂůŝƐĞŝŽŝŶƋƵĠƌŝƚŽƐŽďƌĞΗĂƌƌĞŝƌĂƐăĂƉůŝĐĂĕĆŽĚĞŵĞƚŽĚŽůŽŐŝĂƐĄŐĞŝƐŶĂ'ĞƐƚĆŽĚĞ
WƌŽũĞĐƚŽƐŶŽƐĞĐƚŽƌĂƵƚŽŵſǀĞůΗĞĐŽŶƐŝĚĞƌŽƋƵĞŽŵĞƐŵŽĨŽĐĂĂƐƋƵĞƐƚƁĞƐŵĂŝƐ
ƉĞƌƚŝŶĞŶƚĞƐƌĞĨĞƌĞŶƚĞƐĂĞƐƐĂƚĞŵĄƚŝĐĂ͘Η
Ğ͗&ƌĂŶĐŝƐĐŽ:͘'͘^ŝůǀĂ
ŶǀŝĂĚŽ͗ϮϳĚĞŵĂƌĕŽĚĞϮϬϮϬϭϬ͗Ϭϭ
WĂƌĂ͗ĂƌůŽƐZŝďĞŝƌŽ͖>ƵŝƐDŝƌĂŶĚĂdŽƌƌĞƐ
Đ͗ĂŶŝĞů^ŽĂƌĞƐ;ϭϭϯϬϰϴϮͿ
ƐƐƵŶƚŽ͗Z͗WĞĚŝĚŽĚĞĂũƵĚĂƉĂƌĂǀĂůŝĚĂĕĆŽĚĞŝŶƋƵĠƌŝƚŽ;ĚŝƐƐĞƌƚĂĕĆŽĚĞŵĞƐƚƌĂĚŽͿ͘
ĂƌŽĂƌůŽƐZŝďĞŝƌŽ͕
DƵŝƚŽŽďƌŝŐĂĚŽƉĞůĂƉƌĞĐŝŽƐĂĂũƵĚĂ͘
ĞƌƚĂŵĞŶƚĞŽĂŶŝĞůƚĞƌĄĞŵĐŽŶƚĂŽƐĚĞƚĂůŚĞƐĂƉŽŶƚĂĚŽƐĞ͕ĞŵďƌĞǀĞ͕ƚĞƌĞŵŽƐŽ
ŝŶƋƵĠƌŝƚŽĞŵĐŝƌĐƵůĂĕĆŽ͘
DĂŝƐƵŵĂǀĞǌ͕ŵƵŝƚŽŽďƌŝŐĂĚŽƉĞůĂĞǆĐĞůĞŶƚĞĐŽůĂďŽƌĂĕĆŽ͘
Ž>ƵşƐDŝƌĂŶĚĂdŽƌƌĞƐ͕ŝŐƵĂůŵĞŶƚĞŽŵĞƵŵƵŝƚŽŽďƌŝŐĂĚŽƉĞůĂƌĞĐŽŵĞŶĚĂĕĆŽĚŽĂƌůŽƐ
ZŝďĞŝƌŽ͘
DĞůŚŽƌĞƐĐƵŵƉƌŝŵĞŶƚŽƐ͕
&ƌĂŶĐŝƐĐŽ^ŝůǀĂ
Ğ͗ ĂƌůŽƐZŝďĞŝƌŽфĐĂƌůŽƐ͘ĂůĞǆ͘ƌŝďĞŝƌŽΛŐŵĂŝů͘ĐŽŵх
ŶǀŝĂĚŽ͗ ϮϳĚĞŵĂƌĕŽĚĞϮϬϮϬϬϵ͗ϱϲ
WĂƌĂ͗ >ƵŝƐDŝƌĂŶĚĂdŽƌƌĞƐфůŵƚΛŝƐĞƉ͘ŝƉƉ͘Ɖƚх
Đ͗ &ƌĂŶĐŝƐĐŽ:͘'͘^ŝůǀĂфĨŐƐΛŝƐĞƉ͘ŝƉƉ͘Ɖƚх
ƐƐƵŶƚŽ͗ ZĞ͗WĞĚŝĚŽĚĞĂũƵĚĂƉĂƌĂǀĂůŝĚĂĕĆŽĚĞŝŶƋƵĠƌŝƚŽ;ĚŝƐƐĞƌƚĂĕĆŽĚĞŵĞƐƚƌĂĚŽͿ͘
KůĄ>ƵŝƐ͕
ĞƐĐƵůƉĂĂŵŝŶŚĂƌĞƐƉŽƐƚĂƚĂƌĚŝĂ͕ŵĂƐĂƉĞƐĂƌĚĞĞƐƚĂƌĞŵĐĂƐĂƉĂƌĞĐĞƋƵĞŽƚƌĂďĂůŚŽŶĆŽ
ĂďƌĂŶĚĂ͘
ZĞůĂƚŝǀĂŵĞŶƚĞĂŽŝŶƋƵĞƌŝƚŽŽĐŽŶƚĞƷĚŽĞĂĂƉƌĞƐĞŶƚĂĕĆŽĞƐƚĄĐŽƌƌĞĐƚŽĞĂƉƌĞƐĞŶƚĂĚŽĚĞĨŽƌŵĂ
ĐůĂƌĂ͘
ŽŵŽƌĞƉĂƌŽĂƉĞŶĂƐĂĐƌĞƐĐĞŶƚĂǀĂŽƐDĠƚŽĚŽƐŐĞŝƐ;>ĞĂŶ͕<ĂŶďĂŶ͕^ĐƌƵŵ͕^ƉƌŝŶƚ͕͘͘͘ͿĐŽŵŽŽƐ
ŵĠƚŽĚŽƐĄŐĞŝƐ͖ƐŽƵĨŽƌƚĞĂƉŽŝĂŶƚĞĚĂůŝŶŐƵĂWŽƌƚƵŐƵĞƐĂ͕ŵĂƐŶĞƐƚĞĚŽŵŝŶŝŽŽƐĂŶŐůŝĐĂŶŝƐŵŽƐƐĆŽ
ƉƌĞĨĞƌĞĐŝĂŝƐƉĂƌĂĂƌĂƉŝĚĂĐŽŵƉƌĞĞŶƐĆŽĚŽƚĞŵĂ͘
ĐƌĞƐĐĞŶƚŽƋƵĞĞŵƚŽĚĂĂƐĞƐƚƌƵƚƵƌĂƐĞǆŝƐƚĞŵďĂƌƌĞŝƌĂƐĞŝŶĠƌĐŝĂƐăŵƵĚĂŶĕĂ͕ŵĂƐĂƐ/ŶĚƵƐƚƌŝĂƐ
ĞƌŽŶĂƵƚŝĐĂƐĞƵƚŽŵſǀĞŝƐ͕ƉŽƌŵŽƚŝǀŽƐĚŝĨĞƌĞŶƚĞƐ͕ĂŽĚƉƚĂŵŵĞƚŽĚŽůŽŐŝĂƐĐŽŵĂůŐƵŵĂƌĂƉŝĚĞǌ
ĚĞƐĚĞƋƵĞƐĞũĂŵǀŝƐŝǀĞŝƐǀĂŶƚĂŐĞŶƐ͕ĞĂƐǀĂŶƚĂŐĞŶƐƚġŵƋƵĞƐĞƌƚƌĂĚƵǌŝĚĂƐĞŵďĞŶĞĨŝĐŝŽƐ
ĞĐŽŶſŵŝĐŽƐ͘
WŽƌŽƵƚƌŽůĂĚŽ͕ĂƐďĂƌƌĞŝƌĂƐƐĆŽĚĞǀĄƌŝĂƐŶĂƚƵƌĞǌĂƐĞĚĞĚŝĨĞƌĞŶƚĞƐƐĞĐƚŽƌĞƐĚĂĞŵƉƌĞƐĂ͘
DĂƐŶĆŽŵĞĂůŽŶŐĂŶĚŽŵĂŝƐ͕ŽŝŶƋƵĞƌŝƚŽĞƐƚĄŝŶƚĞƌĞƐƐĂŶƚĞ͕ĂĨŽƌŵĂĞĐŽŶƚĞƵĚŽ ƚĂŵďĠŵ͕ĂƉĞŶĂƐ
ƵƐĂǀĂŶŽŵĞŶĐůĂƚƵƌĂƐĞũĂƌŐƁĞƐƋƵĞƐĞƐĆŽŽĚŝĂͲĂͲĚŝĂĚĂ/ŶĚƵƐƚƌŝĂ͘
^ĞŵŵĂŝƐĚĞŵŽŵĞŶƚŽ͕ĚĞƐƉĞĕŽͲŵĞĐŽŵŽƐŵĞůŚŽƌĞƐĐƵŵƉƌŝŵĞŶƚŽƐ͕
ĂƌůŽƐZŝďĞŝƌŽ
>ƵŝƐDŝƌĂŶĚĂdŽƌƌĞƐфůŵƚΛŝƐĞƉ͘ŝƉƉ͘ƉƚхĞƐĐƌĞǀĞƵŶŽĚŝĂƚĞƌĕĂ͕ϮϰͬϬϯͬϮϬϮϬă;ƐͿϬϬ͗Ϯϰ͗
KůĄĂƌůŽƐ͕
WŽĚĞƐĚĂƌĂƚƵĂŽƉŝŶŝĆŽ;ĐŽŵŽĞƐƉĞĐŝĂůŝƐƚĂͿƐŽďƌĞŽĞͲŵĂŝůĂďĂŝǆŽ͘
KďƌŝŐĂĚŽ͘
hŵĂďƌĂĕŽ͕
>ƵŝƐDŝƌĂŶĚĂdŽƌƌĞƐ
/ŶşĐŝŽĚĂŵĞŶƐĂŐĞŵƌĞĞŶĐĂŵŝŶŚĂĚĂ͗
Ğ͗ Η&ƌĂŶĐŝƐĐŽ:͘'͘^ŝůǀĂΗфĨŐƐΛŝƐĞƉ͘ŝƉƉ͘Ɖƚх
ĂƚĂ͗ ϮϯĚĞŵĂƌĕŽĚĞϮϬϮϬ͕Ϯϯ͗ϭϯ͗Ϯϱtd
Đ͗ ΗĂŶŝĞů^ŽĂƌĞƐ;ϭϭϯϬϰϴϮͿΗфϭϭϯϬϰϴϮΛŝƐĞƉ͘ŝƉƉ͘Ɖƚх
ƐƐƵŶƚŽ͗ WĞĚŝĚŽĚĞĂũƵĚĂƉĂƌĂǀĂůŝĚĂĕĆŽĚĞŝŶƋƵĠƌŝƚŽ;ĚŝƐƐĞƌƚĂĕĆŽĚĞ
ŵĞƐƚƌĂĚŽͿ͘
ĂƌŽƐŽůĞŐĂƐ͕
dĞŶŚŽƵŵĞƐƚƵĚĂŶƚĞĂĨĂǌĞƌƵŵĂĚŝƐƐĞƌƚĂĕĆŽĚĞŵĞƐƚƌĂĚŽƐŽďƌĞ
ΗĂƌƌĞŝƌĂƐăĂƉůŝĐĂĕĆŽĚĞŵĞƚŽĚŽůŽŐŝĂƐĄŐĞŝƐŶĂ'ĞƐƚĆŽĚĞWƌŽũĞĐƚŽƐŶŽ
ƐĞĐƚŽƌĂƵƚŽŵſǀĞůΗ͘
WŽĚĞŵĞŶĐŽŶƚƌĂƌŽŝŶƋƵĠƌŝƚŽĂƋƵŝ͗ ŚƚƚƉƐ͗ͬͬĨŽƌŵƐ͘ŐůĞͬũĞϯŽƉDϱ>ϵϲĂŬĨŵϲ
ŶƚĞƐƋƵĞŽŵĞƐŵŽƐĞũĂĚŝƐƚƌŝďƵşĚŽ͕ŐŽƐƚĂƌŝĂƋƵĞŽŵĞƐŵŽĨŽƐƐĞǀĂůŝĚĂĚŽ
ƉŽƌyWZd^ŶŽƐĞĐƚŽƌ͘
ƐƐŝŵ͕ŐŽƐƚĂƌŝĂĚĞƉĞĚŝƌĂǀŽƐƐĂĂũƵĚĂƉĂƌĂƋƵĞůĞƐƐĞŵŽŝŶƋƵĠƌŝƚŽ;ƐĆŽϳ
ŵŝŶƵƚŽƐͿĞŵĞĞŶǀŝĂƐƐĞŵƵŵĂŵĞŶƐĂŐĞŵŶŽƐĞŶƚŝĚŽĚĞŽǀĂůŝĚĂƌŽƵŶĆŽ͘
ƐƐĂŵĞŶƐĂŐĞŵƐĞƌǀŝƌĄƉĂƌĂŽĂŶŝĞů^ŽĂƌĞƐŝŶĐůƵŝƌŶŽƐĂŶĞǆŽƐĚĂƐƵĂ
ƚĞƐĞ͕ĐŽŵŽƉƌŽǀĂĚĂǀĂůŝĚĂĕĆŽƉŽƌyWZd^͘WĂƌĂƚĂů͕ŶĂŵĞŶƐĂŐĞŵ͕
ĂŐƌĂĚĞĐŝĂƋƵĞŝŶĐůƵşƐƐĞŵƵŵďƌĞǀĞƌĞƐƵŵŽĚĂǀŽƐƐĂĂĐƚŝǀŝĚĂĚĞ
ƉƌŽĨŝƐƐŝŽŶĂůůŝŐĂĚĂăŝŶĚƷƐƚƌŝĂͬĐŽŵĠƌĐŝŽĂƵƚŽŵſǀĞů͕ŽƵĞŵ'ĞƐƚĆŽĚĞ
WƌŽũĞĐƚŽƐ͕ƉĂƌĂĂƚĞƐƚĂƌĚĂǀĂůŝĚĂĚĞĚĂǀŽƐƐĂŽƉŝŶŝĆŽ͘
